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STUDIES OF THE TOXICITY OF NICOTI~~ 

COMBil~ATI0!:-1 WITH V .ARIOUS ADJUV MlTS. 

IlfrRODUCTION 

1. General 

Any material used in combination with nicotine to pro

duce a more effective kill tr.an would be otherwise obtained by 

using nicotine alone, may be termed an adjuvant of the nicotine. 

The adjuvant may or may not r~ve toxic qualities in itself, de

pending on such factors as the species of insect concerned and 

the meteorological conditions at the time of application. The 

effect which an adjuvant has upon nicotine may be due to either 

p.cysical or chemical factors but more probably to a combination 

of both. Pcys-ically, the adjuvant may bring about more effect

ive spreading and sticking, with greater ability to withstand 

cranging climatic conditions. The adjuvant may also produce a 

smothering effect. Chemically, e.s an "activator" , it may hast

en the evolution of free nicotine by the reaction of the basic 

and acidic radicals of the soap and nicotine sulp~~te. An ad

juvant may also act chemically by producing an affinity between 

itself and the surface of the solid, tr~ough chemical combin

ation with contar~nants on the surface or by dissolving protect

ive coatings, such as wax. 

The most common adjuvants recommended for use in nic

otine sprays are the various soaps. As a rule the soaps used 
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in spraying practices are the fatty acid soaps of the alkali me

tals. Other adjuvants used are the amine soaps, vegetable oil 

soaps, fish oil soaps, caseinate a, blood albumen, glue and soap 

bark. Recently, manufacturing concerns, in the hope of utiliz

ing tt~ir by-products, rave interested themselves in spreaders 

and stickers with the result t:r..at such materials are now being 

marketed under various trade names. 

Results of field plot tests have suggested in some in

stances that the commercial brands of nicotine sulpP~te may not 

produce consistent results from season to season and that the 

addition of adjuvants n~y not increase the toxicity against a 

particular insect species. Accurate comparison of nicotine soap 

sprays in the field, where climatic factors, insect populations 

and developments are variable from plc:,ce to place and season to 

season, may only be accomplished after extensively replicated 

and extended experiments. The results of laboratory experiments 

may not be precisely applicable to field conditions, but a pre

cise collation of the toxicity of various nicotine sprays under 

controlled conditions may provide valuable basic information for 

subsequent operations in the field. 

The present work is concerned with experiments on the 

toxicity of various commercial nicotine sulp:b~tes used alone and 

in combination with some of the fatty acid soaps of the alkali 

metals, using Drosophila melanogaster Meig. as the test animal, 

with the ultimate object of collating the adjuvant value of the 
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various soaps used. Certain aspects of the problem were sug-

gested by ~. W. E. Brittain, Dean of the Faculty of Agricult-

ur e, Ita cdonald College and Mr. Arthur Kelsall, who was formerly 

Officer-in-Charge, Dominion Entomological Laboratory, Annapolis 
" 

Royal, lJ. s. 

2. Problems Involved 

Adults of Drosophila melanogaster were used as the 

test animal in all experiments. Results are therefore com-

parable with those of other workers engaged in similar research 

at Eacdonald College ~ere Drosop~~la flies are also being used 

as the test animal. The insect is ideal for investigations of 

tr~s nature as it can be quickly reared in large numbers and is 

surprisingly resistant to nicotine. 

As preliminary tests resulted in considerable mortal-

ity in check lots and results were often inconsistent, it was 

necessary to investigate the whole tec~~ique of rearing, ~~nd-

ling, spraying, and feeding of flies to establish the factor or 

factors affecting the degree of susceptibility of the flies to 

nicotine. It also became evident that the technique would have 

to be adapted to ~~ndle conveniently larger numbers of flies 

t :b..an formerly for the following reasons: ( 1) The comparative 

testing of all solutions in the experiment as nearly as possible 

at the same time instead of the successive testing of the sol-

utions on various dates results in a more accurate and simpler 

analysis of data. The experiment is limited, however, to the 
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number of flies tP~t can be conveniently handled in one day. 

(2) Replications should be rrade as quickly as possible, thAt 

is, if one testing of all solutions requires one full day, 

the following tests should be on following days until enough 

replications have been made to give consistent results. 

The nicotines tested were limited to three comnon-

ly used brands of nicotine sulphates and one brand of the al

kaloid. The nicotine sulp:b..ates tested were: u~Teotine", manu

factured by Chemicals Limited, Montreal, 'tuebec; n Jtycou, manu

factured by Izy'att Chemical Company, St. Cat herines, Ontario ;and 

"Britnico 11
, manufactured by British Nicotine Company, Bootle, 

England. The alkaloid tested was "NicofUme", manufactured by 

Tobacco By-Products and Chemical corporation, Louisville, Ken

tucky. Analyses of these brands of nicotines were made by Mr. 

F. A. Herman, Chemist, Division of Chemistry, Ottawa. Ten per 

cent solutions (by weight), were made up from the analyzed com

mercial brands and the spraying solutions made up from the ten 

per cent solutions by volume measurement. 

As commercial insecticidal soaps often contain im

purities in varying amounts, it was necessary to manufacture 

soaps in the laboratory for the work. The soaps were made by 

using amounts of the fats and alkalies indicated b,y the equat

ions for their reactions. 

In order to correlate results and ptwsical properties, 

all spraying solutions were examined p~sically. This involved 

measurement of surface tens ion, "run offn points, and hydrogen 
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ion concentration. All equipment had to be procured and set up, 

including an air pump and spraying apparatus to compare "run off" 

points, apparatus for nicotine analyses, tensiometer, potentia

meter, controlled temperature and humidity cabinets, rearing jars 

and glassware. 

3. Meaning of Toxicity 

Wardle (83) states that no satisfactory definition for 

toxicity has been unanimously agreed upon by workers in the field. 

This can be readily understood when one realizes the scope of in

secticidal research and the problems involved. Stomach poisons, 

contact poisons, and fumigants are all linked with toxicity, and 

what may be toxic or slightly toxic to one specie·s of animal, may 

be non-toxic to another. The writer believes that toxicity is 

concerned with- t:b.ose properties of a material which produce great

er or lesser lethal effects when administered to an animal. 

4. Various l~thods of Determining Toxicity 

Investigators have used cert~in criteria in their com

parisons of various insecticides for estimations of toxicity. 

Thus Marlatt (50) and Cook and Kclndoo (15) compared various ar

senicals by noting the time required to bring about death of cer

tain larvae when fed definite amounts of these materials. Tartar 

and Wilson (75), Can~bell and Filmer (12) and Lovett (44), quan

tatively analyzed the bodies of poisoned larvae for arsenic. L~ore 

(56) in his trials used as criteria, the time required to kill,the 

amount of poison wash consumed and the ratio of the amount of 
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poison found in the body to that amount found in the execreta. 

By taking the reciprocal of the nuniber obtained by dividing the 

quantity of the chemical found in the execreta by that found 

in the body, the most toxic chemical becomes the one with the 

highest numerical value. Moore (55) and Peet and Grady (62) 

compared contact insecticides using the house fly_, Mlsce. 

domestica. Moore's results were based on the numbers of flies 

killed in 400 minutes, and Peet and Grady recorded the number 

n down" in 15 minutes. 

Tattersfield and Morris (??) made tests with nicotines 

using Aphi.s rumicis as the test animal. The percentage affected 

in the test calculated to control is obtained by deducting the 

percentage affected in the control (a) from the percentage affect-
lOO 

ed in test (b) and multiplying by 100-a. The percentage affected 

(( l~~~alloo. calculated to control is then The authors quote Mr.R.A. 
I 

Fisher, Chief Statistician to the Rothamsted Experimental Station, 

which is given in part as follows: 11 The relation between concen-

tration and probability of death could theoretically be deter-

mined by experiment by exposing a large number of insects to the 

action of insecticides at each concentration. The number of in-

sects required, however, increases enormously if we wish in this 

manner to explore the region in which the probability of death is 

high. If as many as ninety-nine per cent of the insects were kill

ed, the accuracy of the comparison between any two insecticides 

would depend upon the comparatively few insects which survived 

and to compare them with any accurac.y, many thousands of insects 
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would have to be used. The same difficulty arises in the com-

paratively unimportant cases where deaths are few. For a given 

number of insects tl~e most accurate coMparison can be made when 

the concentrations are suet. t r..at about fifty per cent perish. n 

Marcovitch (48) based l:is comparisons of toxicities 

on the time required to kill fifty per cent of the larvae. The 

concentration was plotted against the reciprocal of the sur

vival time (the velocity of fatality) and reveals a curve sim-

ilar to t~At obtained by the action of lead nitrate on Leucis-

cus phoxinum as worked out by Carpenter. This curve appears 

to correspond to the equation K - 1 log 1 where t : survival 
- t cone. 

time and K a constant expressing a numerical value of toxicity. 

Campbell (10) describes a method of comparing toxicity by plac-

ing drops of the solution under test in the mouth of a feeding 

caterpillar. The amount imbibed is arrived at by weighing. The 

survival time is then determined by the relation between the 

dose per unit weight of insect and its effect. Instead of plot-

ting doses against survival period, they were plotted against 

reciprocals of survival periods, thus representing speed of tox-

ic action. If there is a direct relationship between dose and 

speed of toxic action it is represented by a straight line; if 

not, deviations from the straight line may be significant. 

Trevan (79) comparing various drugs by injection into 

mice illustrates his results by a curve showing the percentage 

mortality obtained with each drug. The curve so obtained he 

called the 11 characteristics for the drug" and suggests that 
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"the curve expressing the percentage of mortality, or some other 

limiting biological effect, produced by varying doses of a drug 

on animals of a certain species, shall be called the character-

istic for that drug, effect, and species. 11 He suggests the use 

of the medium letr41 dosage as a criterion of toxicity, as the 

"certainly let.b..al dose", and the "maximum tolerated dos en have 

indefinitely large errors. Campbell (11) and Shepard and 

Richardson ( 72) considered the 11 knock out :point 11 a good criter-

ion, assuming that insects will die when so affected. 

Bliss (3) interprets the sigmoid dosage mortality 

curve as a cumulative normal frequency distribution of the var-

iation among the individuals of a popul&tion in their suscepti-

bility to a toxic agent, whic:t susceptibility is inversely pro-

portional to the logarit~m of the dose applied. In support of 
' 

this interpretation is the fact tl~t when dosage is inferred 

from the observed mortality on the assumption that susceptibil-

ity is distributed normally, such inferred dosages, in terms of 

units or probits, give straight lines when plotted against the 

logarithm of their corresponding observed dosages. This trans

formation to a straight regression line, facilitates the precise 

estimation of the dosage-mortality relations~ip. Bliss in a 

later paper (4), presents an extension of methods for computing 

the dosage-mortality curve as a straight line to cover some of 

the more frequent applications of the curve. 
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II. Tfi:E INFLUENCE OF PHYSICAL FACTORS OF SPRAY 
SOLUTIONS UPON TOXICITY. 

A vast amount of literature has been written on the 

effects of wetting agents, spreaders, stickers, and activators, 

and their resultant effects upon toxicity. As yet no definite 

criterion for measuring toxicity has been established and the 

impossibility of such being establisr~d is clearly indicated 

when Hensill and Hoskins (3?) say that chemical tests and measure-

ments of pt.wsical properties, such as surface tension and angle 

of contact, are of little value in themselves. Before taking up 

the discussion of these physical c.h.aracters, it is necessary to 

explain the terms "wetting" and "spreading". 

1. Wetting and Spreading. 

A simple laboratory test for the determination of the 

relative wetting powers of various solutions is in urgent demand, 

and various methods of comparison have been suggested from time 

to time. Cooper and Nuttall (16) state that results obtained have 

been of little value because the methods suggested were not based 

upon an exact knowledge of the principles underlying the process 

of wetting. Various definitions have been given for wetting and 

distinctions made between wetting and spreading. Hamilton (31) 

states that wetting occurs when the liquid comes in direct contact 

wit~ the solid, the layer of air being excluded. Spreading occurs 

when the pull exerted by the solid to become wet is greater than 

the pull exerted by the surface of the liquid to air. Moore and 

Gra:r..am (58) state that a slight chemical affinity between liquid 
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and solid is denoted as wetting or adhesion between the liquid and 

solid. If a liquid is brought into contact with a solid, wetting 

takes place; spreading may or rr~y not occur. 

Green (30) and Woodman (86) (87) state that wetting occurs 

when an object, on being dipped into a liquid, cannot be com

pletely separated from the liquid by the simple process of emergence, 

for a fiLm of the liquid adheres to the solid. Hensill and Hoskins 

(37) state that a wetting agent is any substance which increases 

tr~ readiness with which a liquid makes real contact with a solid, _ 

i.e.,. wets it, if necessary by displacing a previous contaminant 

on the solid. A spreader is a material w~~ch increases the area 

that a given volume of liquid will cover on a solid or on another 

liquid. 

2. Surface Tension 

Burns (8) states t~~t the cohesion or attractive force 

of molecules within a liquid gives rise to intrinsic pressure which 

cancels out except on the surface layer where a state of strain is 

established. As a result, surface molecules are arranged parallel 

to each other and at right angles to the surface, and therefore, 

have a larger number of molecules per unit area t:b..an the interior. 

The generally accepted test for determining the rela.tive wetting 

powers of ve~ious solutions is the measuring of their surface ten

sions. Cooper and Nuttall (16) citing Brunswick and Smith, state 

that t:b~ wetting power of any liquid depends primarily upon its 

sur face tension. 
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Vermorel and Dantony (81), distinguished between the 

Adynamic• surface tension of a new surface and the "static" surface 

tension of an old surface, claiming t~~t the static surface tension 

affords a satisfactory criterion of the wetting power. Later, in 

1912 (82), they say that the surface tension is not sufficient to 

determine the wettinb power of a solution. Lefro.y {43) points out 

that, as the tension air/solid remains constant and the tension 

wasn/solid is intermediate. the tension was~air is the only one 

to be considered, and the lower this tension, the more readily will 

the wash wet. O'Kane (59) (61) states that surface tension alone 

cannot be relied upon as an index of trachea penetration. A sodium 

oleate solution of 0.05% strength with a low surface tension gave 

only slight penetration to meal worm and cabbage worm trachea. An 

0.5% solution of slightly higher surface tension ex~~bited marked 

penetration to both types of larvae. Woodman {86) (87) quoting 

Esser, states that diminishing the liquid/air tension is of the 

greatest importance and is apt to be overlooked, while undue stress 

is probably laid on the solid/liquid interfacial tension. O'Kane 

(59) further discusses surface tension, but this will be taken 

up in discussing adsorption phenomena. 

3. The Angle of Contact 

When a drop of liquid comes in contact with a solid its 

fUrther activities, omitting certain complex factors, are dependent 

upon the behaviour of three forces, namely: the surface tension 

of the~liquid, the apparent surface tension of the solid, 

and the interfacial tension of the liquid/solid. The surface 
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tension of the liquid will tend to prevent its extension, the 

surface tension of the solid will effect the influence of the 

surface~tension of the liquid, and the interfacial tension will 

reinforce the surface tension of the liquid. When all forces 

are in equilibrium the extension of the liquid ceases, and 

according to O'Kane (~9) a definite angle of contact is reach

ed between the liquid and solid. This may be expressed in the 

formula of E. L. Green (30): for equilibrium T2=T1,2-T1 Cos e 
T2-T1 2 -or Cos 9 = • when T2 : surface tension of solid, T1,2 -

Tl 
interfacial tension, and T1 = surface tension of the liquid. 

Green (30), quoting Q,u-incke and others, assumed the 

angle of contact Q defined the tendency of a drop of liquid to 

spread over a solid, which tendency could then be measured by 

measuring the angle Q. The angle Q may not be less than zero 

and not more t~~n 180 degrees. OVer this range tpe wetting 

power is great for small angles and small for great angles. 

English and Stellwaag according to Green (30), devised 

an apparatus to measure the angle of contact of a liquid on a solid 

as a means of defining the intensity of wetting. It includes a wide

mouthed container for the liquid, a means of holding, raising, 

immersing and turning the specimen of the solid, and a device for 

measuring the angle which the surface of the solid makes with the 

horizontal free surface of the liquid. Green (30), with similar 

apparatus, found that although there appeared to be an end point, a 

thin sheet of liquid could still be seen above the line of contact 
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on the object, whether glass or twig. This is contrary to the 

behaviour required by the theory of end-point. Tbey conclude 

that data depend more on the c:b.aracteristics of the apparatus 

tran of the solutions involved and results may be affected by 

contamination, selective absorption of solutions and atmospheric 

gases. Glass may not be used as a reference surface in comparing 

tree washes, because (1) t~~ apparatus permits tr~ operator to 

deceive himself into the belief tr.at tbe angle of contact is much 

grea.ter than it really is, uriless the observation is confined to 

an ultimate film of liquid no wider tran tbe range of action of 

tr1e molecular forces and above wr1.c1: is perfect dryness; (2) no 

information regarding the ease of displacing the air film and 
• 

other factors tending to retard spreading; (3) tr~ materials to be 

wetted are not suitable to measurements of tbe angle of contact. 

Green (30), citing Ramsay and Shields, e.nd Lord Rayleigh, found 

trat zero indicated the angle of contact of water and glass. 

Richards and Carver (66), and Green (30) quoting Bosan-

quet and liartley, describe t re search for a break in the narrow 

beam of light reflected from the region about tr~ line of contact 

between water and glass. Had a real angle of contact occurred 

tbat was greater t~han tbirty minutes of arc, they believe they 

would rave found it. According to Woodrr~n (86), it is necessary 

to reduce the contact angle to zero in order to produce wetting. 
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4. Interfacial Tension, Surface Concentration and 
Foaming Properties. 

Cooper and Nuttall (16) quote the experiment of Plate~u, 

stating that the s~ape of a drop of oil in dilute alcohol is the 

result of a tension exerted at the interface of the oil and dilute 

alcohol, and for the 11 sake of distinction is usually known as the 

interfacial tension". They further state that a drop of liquid 

will wet more effectively if the interfacial tension is reduced, 

even if the surface tension remains high, and conclude that the 

"interfacial tension rather than the surface tension is the de-

termining factor in wetting poweru. 

Other factors concerned with wetting are the solvent 

properties of the wetting liquid and surface concentration. The 

forr~r needs no explanation. Increasing the concentration of an 

aqueous solution of a substance tends to aggregate the solute in 

the surface layers, resulting in a peculiax superficial viscosity 

or rigidity having r~gh wetting power. The wetting power of such 

solutions seems to depend largely upon their ce:pacity to form 

liquid planes, the high superficial viscosity of which prevents 

rupture and running together to form drops. 

In discussing the foaming properties of a liquid in regard 

to wetting, Cooper and Nuttall (16) state that'the generally 

accepted view of the nature of foam is that it is an emulsion of 

air in a liquid. It must possess a high surface viscosity of inter-

vening fil~ and an interfacial tension so low as to be incapable 

of breaking this film. The property of giving a lasting foam indicates 
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-
that the liquid possesses the property of surface concentration 

and a low surface tension, such as have soap solutions. It is 

therefore clear that foaming power is in no way indicative of high 

wetting power. 

In deterndning the wetting power of an animal dip or 

spra.y fluid, Cooper and Nuttall (16) used as a standard a thick 

paraffin oil surface, the surface tension of which was established. 

The wetting power of a~ two preparations can then be determined 

by finding their surface tensions and their interfacial tensions 

towards the standard oil. CUpples (17) (18) (19) (20) established 

a spreading coefficient for a number of soap solutions, using the 

same principle as Cooper and Nuttall. A drop of the solution to be 

tested is placed in a thin film of refined mineral oil and will 

spread only if it has a positive spreading coefficient. The sur-

face tension of the oil is known and the surface and interfacial 

tensions are determined. 

5. Relation of AdsorEtion to Toxicity. 

O'Kane and eo-workers (59) (60) (61-), investigated sur-

face activity with special reference to contact insecticides. They 

proposed that in a given series of related toxic compounds which 

exhibit surface activity, the relative toxicity is influenced by 

relative molecular concentration at interfaces and the resultant 

degree of surface activity. Surface activity is, therefore, con

ceived as affecting toxic action qy bringing about increased con-

centration~ of compounds at surfaces. It involves adsorption 

phenomena and is correlated to surface tension by the well-known 
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equation of Gibbs. When certain data of Tattersfield is applied 

to Gibbs' equation it is shown tbat as the OH groups become great

er, adsorption at the water/air interface becomes less, so corres

pondingly, concentration must be increased to maintain toxicity. 

O'Kane et al (56), quoting Richardson, states t~~t nico

tine is most toxic at tre higher pH values and under such circum

stances the alkaloid is largely in the form of molecules of free 

nicotine, whereas in the c~se of nicotine of neutral or acid re

action, it is largely in the form of ions. Alterations in tox

icity, brought about by a c~~nge in pH, may be due in part to al

teration in surface activity. It is recognized that the change 

in toxicity may be due likewise, in part or even largely, to tr~ 

ability of tbe undissociated molecules to pass through membranes. 

O'Kane (59) sets forth on arithmetic probability paper, 

results of nicotine spraying experiments obtained by Tattersfield 

and Gimingmm, which srould approach a straight line but wr..ich do 

not, the curve resembling a typical adsorption curve. By replott

ing these data on logaritl'lllic paper it was found that tl'.ey approach

ed a straight line. It is therefore inferred that nicotine sol

utions in successive concentrations do exhibit the phenomena of 

adsorption and tP~t part of the toxicity exhibited by nicotine, 

as concentration is increased, is related to surface activity and 

adsorption phenomena. certain substances, however, because of 

treir pl'usical properties, do not show adsorption curves above 

certain concentrations. Sodium oleate is not a true solution in 

that it is partly colloidal and its ptwsical properties do not re

main constant on increasing its concentration. 
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That orientation of molecules at the surface of water 

is important in the adsorption by ash-free charcoal is pointed 

out by Milner (54). In certain isomeric benzene derivatives, 

the amount of the derivative adsorbed appeared to be influenced 

by tbe position of tbe various groups in the benzene ring. If 

molecular orientation plays a part in adsorption phenomena, as 

indicated by the above, it would be expected to show an in

fluence upon toxicity. O'Kane (59) states that evidence of 

molecular orientation at surfaces is obtained through studies 

of surface tensions. If, in two related compounds, one ~~a a 

higher surface tension tl'an t:b..e otror, it is assumed that some 

evidence is offered to sbow that the molecules of the compound 

having t re higher surface tension are oriented in S'!iACh a way t rat 

t re surface contains groups which are more active or which are 

stronger in "electro-magnetic stray fields of force". 
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III. EISTORICAL OUTLilm. 

1. Nicotine 

Nicotine, tbe principal alkaloid of tobacco, derives 

its name from Nicotiana,a genus of solanaceous plants to wr~ch the 

tobacco plant belongs, so-called after Jean Nicot, who first in

troduced tobacco into France in 1560. The presence of a volatile, 

poisonous principle in tobacco was first recognized by Vauquelin 

in 1809. The isolation of nicotine was first accomplished by 

Posselt and Reimann in 1828. Its structure was established by 

Pinner (1891-1895) as tre ditertiary base beta-pyridyl-alpra-N

met cylpyrrolidine, CHN ( 7). 

Nicotine is an oily, colorless liquid, almost odorless 

when pure, but developing a tobacco-like smell on standing, a.nd 

rapidly turning brown wten exposed to air. It is hig:b~y toxic 

to insects as well as to man and otr~r animals, and this toxicity 

to insects makes it of economic importance (7). 

Tr~ earliest known record of t~~ use of tobacco as an 

insecticide is t bat of Jean de LaQ,uintinze, who in 1690 wrote that 

'tigres' infesting peach trees were wasmd with tobacco water with 

no effect (41). In 1734 John Bartram, in giving directions for 

packing botanical materials, suggested the use of tobacco leaves as 

a protection against insect injury (53). This is likely the earli

est reference in wr~ch tobacco was recommended as a repellant. In 

1746 w. D. Waite and others advised to squirt by means of a hand 

engine, we.ter in which tobacco leaves bad been soaked, to combat 

plum curculio in nectarines (80). 
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Hollister (39) states that it is not known when tobacco was first 

used as an insecticide. He states further that it was recommend

ed in France in 1?63 as a remedy for plant lice and was used in 

water and dust form. He finds that it was first used in America 

by Yates at Albany in 1814 as a control for sucking insects, and 

that William Corbett, in the "English Gardener", 1829, re conunend

ed tobacco juice for wooly aphis. Hollister also found that Thomas 

Fessenden, in the ":New American Gardener", 1832, included tobacco 

in a list of materials which, he stated 11 ms..y annoy or completely 

destroy inse cte 11 • 

R. Weston (84) in 1??3 writes of a newly invented fum

igating bellows to destroy insects with tobacco smoke. An un

known author of "Riego E Insect os in Semanario de A~. y Astes.", 

Madrid, 1800, states that vegetables infested with aphids were 

successfully sprayed with a pinch of tobacco snuff in a cupful of 

water (2). E. Darwin (21) writes that in 1800 tobacco as an 

insecticide was in oommon use, a powder puff being used to blow 

the dust; while a tent over a nut tree was first used in fumigating 

with tobacco smoke. 

In 1814, A. Hay (34) mentions a control for the blue in

sect, probably the woolly aphid, consisting of the juice of 4. 0 

pounds of roll tobacco, 4.0 pounds of flowers of sulphur, and 40 

Scots pints of soapsuds. The concoction was effective in ridding 

the roots of apple trees of in se et s. J. IEacKray, in 1814, ( 46) 

mentions a control for various caterpillars consisting of a de

coction made by boiling together t pound of tobacco, 1.0 pound of 
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soft soap and 18 Scots pints of water. These last two references 

are the earliest the writer could find of the use of soap in com

bination with tobacco. 

F. Sang in 1814 (?0), mentions the use of a force pump 

in the application of tobacco liquor as a control for the leaf 

roller Phalaena asperona. In 1825 G. s. MacKenzie (45) mentions 

the use of tobacco smoke in green house control. J. Strauch ( 75), 

writing in 1877, states that aphids were killed on potted plants 

by placing the plants in a closed box and then putting tobacco 

juice from his long-ste~d pipe on a hot-plate within the box. 

In 1884 Van Hulle (80), gives a control for greenhouse insects 

by placing tobacco exc,ract on the heating pipes or on hot metal 

plates, 

Concentrated tobacco extracts in Europe date from 1882, 

when Girard (29) visited a greenhouse in Paris and saw thrips, 

scale insects, and flies readily killed by a cloud of steam 

saturated with nicotine. This was obtained by boiling tobacco 

juice (at 14o Baume) in a flat pan until it was all evaporated. 

In the same year Carriere and Andre (14) write that the following 

formula was used by Thierry: tobacco juice titrated at 1ooc, 5 

parts; ammonia, 1 part; and water 4 parts. After applying this 

mixture to orange trees with a brush, the trees should then be 

sprayed with plain water, whereby all insects are washed off. 

In 1890 tobacco extracts were first used in America 

when tre report of the Entomologist (45) states a complete control 
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of the cabbage butterfly, Pier is ra,Pae, was obta,ined by the use 

of X. O. Dust. This dust consisted of finely ground tobacco with 

an admixture of carbolic acid. Carpenter in 1931 (13), states 

tr..at in 1892 the first standardized extract of nicotine called 

"Rose Lea.f" was placed on the market. It contained less than 

three :per cent actual nicotine and as early as 1898 had a wider 

range of application tr~n any form of insecticide used up to that 

time. The same author states tr~t in 1910 Arno1d developed a 40 

per cent solution of sulphate of nicotine which is available at 

the present time in the form of 11 Black Leaf 40". ] 1elt ( 27) states 

t.b.at, "Since the appearance in 1885 of 'Gold Leaf Tobacco Extract', 

a forerunner of B. L. 40 and B. L. 60 of tbe present, nicotine has 

been of increasing importance aa a contact insecticide11 • 

The first standardized tobacco extract did not appear in 

Europe until 1908, when Schwartz (71) recommended the following as 

a control for aphids: 3 parts tobacco extract (titrated and guaran

teed to contain 8-9 per cent nicotine), e parts soft soap, 5 parts 

denatured alcohol and 136 parte of water. Rabate (63) says that 

the st·ate. factories of France prepare nicotine, ordinary and ti

trated tobacco juices for the agriculturists. The ordinary juice 

ia obtained by leaching waste material in the tobacco factories. 

The titrated juice is distilled from ordinary juice and during the 

process eulp:huric acid and sodium ce,rbonate are added. The final 

product contains sulphate of nicotine, and arr~ll quantities of sul

phate of sodium and carbonate of sodium. The mixture has a nicotine 

content of 10 per cent. 



-22-

2. Ni cot,ine AdJuvant.s. 

The amount of literature describing experiments and re

commendations made for insect control involving nicotines and 

soaps is voluminous. It is apparent that soaps were used as a 

mea.ns of controlling insects shortly after it was discovered that 

tobacco had insecticidal properties. The very thorough biblio

grap~ by MCindoo, Roark and Busbey (52) on trs insecticidal uses 

of nicotine and tobacco, published in 1936, contains some 2497 

important abstracts. In tr~s publication it is shown that in 1814 

Hay (34) recommends tobacco, sulphur and soapsuds as a control for 

the blue insect, probably the woolly aphid. In the same year, 

MacKray (46) recommends tobacco and soft soap as a control for the 

gooseberry caterpillar. F.rom 1814 to the end of the century re

ferences to the use of soaps in nicotine sprays are not infrequent. 

By 1914 tbe use of soaps in nicotine became a common practice and 

in the following years a great deal of scientific investigation 

has established tbe status of many types of soaps and other mater

ials as adjuvants to nicotine sprays and dusts. 

Smith ( 73) states t bat above certain concentrations soap 

causes a loss of both spreading and wetting w~~ch is due to a chem

ical c~~nge affecting the p~sical properties of the nicotine 

solutions but not the nicotine. Ruggles (69) writes on the new in

secticide, nicotine oleate, and states tbat it is more efficient if 

oil is emulsified with it. In the same year (42) Lees gives a 

formula for a nicotine-paraffin emulsion, stating that perfect wetting 
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is necessary before a complete control is obtained. Wilson, DeOng, 

Wort~~ey and DTiggers, (85) (22) (88) (23), published separate 

papers comparing the toxicity of soaps in nicotine solutions. 

Headlee (36) writes on the comparative toxicities of pyrethrum 

and nicotine sprays, claiming that the addition of sodium oleate 

will reduce surface tension, permitting penetration of solution 

into breathing pores. 

Hoerner (38), writes on the testing of sulphonated 

oxidation products of petroleum for toxicity and states tl~t 0.5% 

Penetrol in nicotine 1-4000 is effective against aphids. McDonnell 

and Graham (51) find t r.:.a.t, depending on the type of soap, soap

nicotine preparations on t :r~e ma.rket decrease in nicotine content 

during storage, if not protected from the air. Headlee (36) in 

working on a control for codling moth reports that nicotine tannate 

is very effective, but concludes that a great deal more research 

is to be done on it before recommending it for practical use. Hart

zell (32), in working out a control for the pear psylla, reports 

tr..B.t wit!: the use of Penetrol a lower free nicotine content nw .. y be 

used and further states that nicotine in amounts above the maximum 

does not result in as great a control as when other compatible in

gredients such as Bordeaux are also added. He concludes that when 

such ingredients of specific toxicity are mixed together the.y should 

not be termed "activators", but better say that they act by the prin

ciple of "summation". Hoerner (38) and Filmer (28) conclude that 

Penetrol in combination with nicotine is more effective tr~n the 



-24-

fish oil soaps. Felt and Bromley (2?) conclude that, with nico

tine activators, results are dependent on t~e following factors: 

(1) stage of insect, (2) type of plant, (3) spreading and wetting 

qualities, (4) rapidity of evolution of nicotine, (5) climatic 

factors. 

Shepe~d and Richardson ( ?2), compared nicotine base and 

nicotine sulp~Lte against Aphis rumicis by the immersion method. 

CUrves constructed from dr.ta collected show the greatest variation 

at each end of the curve, although the standard deviation is great

est near the middle of the curve, which is due to the maximum 

"spread" or deviation in the individual measurements. Richardson 

(67) reports that, with 0.25 per cent potassium oleate, rotenone 

is more toxic tr~n the pyrethrins or nicotine against the red 

spider mite. Huckett (40) states that the best control obtained 

for aphids is Penetrol and nicotine. l!oore (57) published a new 

development in the fixation of nicotine. Nicotine, resorcinol and 

formalde~de were heated together and the resultant precipitate 

was found to be 22 per cent nicotine, w~~ch is about one-fifth as 

soluble as the nicotine in nicotine tannate, and therefore its ef

fect was more lasting t~~n nicotine tannate. Driggers (23) obtain

ed similar results and also found that Black Leaf 155 was the 

least effective of the nicotine compounds. 

Eddy (24) gives his formula for a new spreader called 

Spreader 385 or Taroleate spreader w~ch, when used in one part 

to 1000 of nicotine and water solution, spreads as well as four 
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parts of liquid soap spreader in 1000 parts of nicotine and sol

ution. 

Tate and Andre (76) made laboratory toxicity tests of 

nicotine and sodium oleate solutions against onion and gladiolus 

t hr ips, and found that a fifty per cent mortality was obtained with 

a three per cent solution of nicotine and soap with gladiolus thrips. 

With the onion tb~ips, a 0.3 per cent strength of the sarr~ solution 

gave tbe same kill. Richardson et al, (68) compared nicotine, 

norni cotines, a.nd anabasine upon Aphis rumicis ,and concluded tbat 

anabasine was tr~ most toxic nor nicotine somewhat less so. Ritcher 

and Colfee (64) (65) report tr~t free nicotine may be directly in

corporated in P~ghly refined petroleum oil base to give a stable 

solution containing one to three per cent nicotine, and that it does 

not burn tender foliage. In the laboratory, nicotine and oil g&ve 

a high kill to such insects as mealy bugs and wh.i te fly. .Eddy and 

Sbarpe ( 24) and Eddy a.nd IiOOadows ( 25) , find t :bat Karaya gum increases 

tr.!.€ efficiency of nicotine sprays. Using the gum 1:500, one-fifth 

to one-trdrd of nicotine sulprBte was effective. 
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IV· THE DEVEI.OP1lliJNT 9F TECiiNIQ.UE ]QR T l<E PRODUCTIO~ 
OF DROSOPHILA ~~LANOGASTER. 

1. The Ad.option of Drosophi.la Flies as the 
Test Animal. 

In the courses of preliwJ.nary work on insect toxicol-

ogy at Nacdonald College, H. A. Gilbert, J. Marsl~ll, M. Preb

ble and others (in MS.) made tests of nicotine sprays against 

MYzu.s persicae and Drosophil~ ampelophila using the apparatus 

described by Tattersfield and Morris (??). The writer also 

used ~osophila in a few preliminary tests at Macdonald College 

and because of this and t:b.e fact t:r.:at his results would be com-

parable with tl~se of other workers at present engaged in sim

ilar experin~nts at Macdonald College, Drosophila were used in 

this project. The flies are easily reared in large numbers in 

the laboratory at any time during the year and their resistance 

to contact sprays makes them an ideal insect to work with. As 

Drosophila melanogaster were easily obtained, this species was 

used in all experiments. CUlture tests with Drosophila h[dei 

were discarded as the life cycle of this species is of somewhat 

longer duration than that of~· melanogaster. 

2. CUlture Tests. 

~osop~~l~ cultures were originally made up at Macdon

ald College by cutting bananas in small pieces and soaking in 

water to wrich a few teaspoonfuls of Brewer's stock yeast had 

been added. After being well shaken, the excess water was 



-2?-

drained off and the mixture put into pint-size milk bottles 

which were used as rearing jars. 

As a great many bottles, involving considerable r~nd

ling would be required in rearing large numbers of flies and 

as the bananas would run to a considerable expense, ratr~r ex

tensive attempts were made to rear Drosophila on other mater

ials, in gum or candy Jars. 

The synthetic solution devised by Raymond Pearl was 

first tried, and though it might be suitable for rearing flies 

for genetical studies, tbe rate of reproduction was too slow for 

the present needs. Attempts to rear Drosophi~~ £wdei and 

Drosophil~ melanogaste.t were made with cornmeal and national 

Breweries yeast and this medium proved ideal for larval develop

ment if the larvae became established before molds developed; 

ot~~rwise, larvae would not develop. Mixtures of prunes, corn

meal, and yeast produced few flies although little mold occurred. 

Grapes, boiled apples and bananas were tried in combination with 

cornmeal and yeast but were discarded because of molds. Haydak 

(33) writes that glycerine in media for stored grain pests in

hibits the growth of molds. Glycerine in varying quantities was 

mixed with cornmeal and yeast but at the point where molds dis

appeared, all flies died. Heating the cornmeal before adding t:b..e 

yeast and flies did not overcome the difficulty. On boiled or raw 

raisins, little or no mold occurred but the flies did not re

produce at all rapidly. Alfalfa meal and wheat flour proved 
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unsatisfactory. Boiled apples mixed with fine sawdust and 

yeast gave promising results but ~~erging flies died within a 

few da¥S unless fed on more favorable food, such as banana juice. 

At trds point the attempt to rear ~· h7dei on materials other 

than bananas and yeast was discontinued. 

The formula of Eelen Redfield, mentioned in a paper by 

Bridges and Dar~J (6), was tried but proved unsuccessful. Larvae 

developed very slowly and the culture ingredients became too 

stiff for larvae to work through. The banana agar medium of 

Bridges and Darby was tried but ex~1ibited no advante.ges over 

bananas alone. The alcohol banana medium of these writers was 

not tried but attempts were made to rear flies on cornmeal and 

three per cent by weig:tt of alcol':.ol. Althougl-: some good cultures 

were obtained a considerable number soon developed molds and the 

met~od was discontinued. Baumberger (1), quoting Lafar states, 

"From the standpoint of the oecological theory of fermentation, 

the alcohol produced by yeast should be regarded as a weapon 

capable of hindering the appearance of the fungoid competitors in 

saccharine nutrient media. However, when accumulated in the medium 

during the progress of fermentation it also restricts the fUrther 

development of the producer". Bridges and Darby (6) state t:b...a.t 

Ricr..ards found the inhibitinc effect of alcol:ol on the growth of 

yeast and fermentation to be very gre&t. But on the usual 

bacteria-contamin&ted yeast cultures used as food for flies, the 

alcohol does not accumulate but is changed over by bacterial action 
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into acetic acid. Bridges and Darby (6) show that the optimum 

twdrogen ion concentration for tr~ growth of yeast is approx

imately 4.45. They also state t~t the exhaustion of the sugars 

and yeast food from the too little or too poor medium, is per

haps t:b.e primary factor in limiting the growth of flies. 

Baumberger (1) found tbat Drosophila le..rvae died after 

twenty-eight days on sterile bananas, w~~le tbose fed on yeast 

and bananas completed t reir larval period in five days. 5e 

found that t be rate of growth was proportional to the amount of 

yeast used, twenty-four per cent yeast resulting in t~~ greatest 

size, and t~~t with lower percentages the larval period was 

lengthened while the ultimate size of the larvae was reduced. 

3. Adopted CUlture_ Medium. 

Results of tbese tests indicated that a banana medium 

with yeast would be the most sui t&.ble and all cultures were 

therefore made up in the following way: Approximately one-half 

pint of fine dry sawdust is put in a gum jar and tbree or four 

bananas, depending on size, are partially peeled and dropped in 

whole. Approximately two dessertspoonfuls of National Breweries 

Yeast is sl~en in upon the bananas and the culture is ready for 

the flies. After fermentation is well under way a little water 

may be added if the sawdust seems too dry for larvae to work 

through. 

The sawdust takes up excess moisture, thus preventing 

drowning of larvae, and the skins of the bananas provide a 
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place for pupation. The partially peeled bananas are more 

effective than the unpeeled bananas, as fermentation gets under 

way more quickly and the peeled area of the bananas provides a 

ready supply of food for the breeding flies. 

4 .• Tests with Var~ous Breeding Chambers. 

As early experimentation indicated some variation in 

susceptibility of the flies from various gum jars to the toxic 

action of nicotine, attempts were znade to permit emerging flies 

to collect in one chamber. Flies for spraying tests would then be 

drawn from this common lot. Individual collecting from gum jars 

would also be eliminated. To tl~s end, four metbods were tested. 

These are explained, and the apparatus described, in the follow

ing paragraphs. 

Met~~d No. 1. This apparatus consisted of an upper 

chamber (Diagram 1) having a glass front, with an opening at the 

narrowing end wbere tbe flies were collected in a gum jar having 

a bottom of tulle. Air was passed through the chamber by hold

ing an electric fan to an opening in the other end and the flies 

were ttus driven into tbe collecting jar. The emerging flies 

passed up from the darkened cultures in the lower chamber by means 

of cotton sleeves fastened about the holes in the bottom of the 

upper chamber. Wire cones prevented tbe flies from re-entering 

the cultures. Tbe apparatus was discarded because all emerging 

flies would not enter the upper c~~mber. 
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Method Ho. 2. Using the same cbambers as in ~t11od 

No. 1, the lower section was converted into a general breeding 

chamber, tr2 culture medium being placed in galvanized flats 

2 x 4 x 4 inches, {diagram 2). Before fly emergence began, the 

flats were transferred to the upper chamber thro~gh a sleeve 

fastened to the end of the lower chamber. Tbe flies were collect

ed as in Method 1. This proved more effective than the apparatus 

illustrated in diagram 1, but the emergence of flies per banana 

was lower t ban by t be gum jar met bod. 

Met hod Ho. 3. This apparatus consisted of a zinc 

cylinder 10 x 36 inches, to t r..e lower side of wrJ. c h were solder-

ed in two rows the tops of screw-top preserving bottles, (diagram 3). 

The culture medium was placed in the preserving bottles which 

were screwed into treir tops on tre collecting cylinder. The 

flies were driven into the collecting jar, held at the cone end of 

the cylinder, by a stream of air from an electric fan held to the 

tulle permanently fastened to the other end of the cylinder. 

Results were about the same as in the previous method. The sets 

of apparatus illustrated in diagrams 1, 2, and 3, were run at 

laboratory temperatures and humidities. 

Method No. 4. A large controlled temperature and hum

idity cabinet was converted into a breeding chamber by fastening 

cloth over the door on the inside. Two zipper openings in the 

cloth provided a means for transferring cultures. These consist

ed of galvanized flats 10 x 4 x 2 inches. During pupation the 
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flats were transferred to an emergence box, (diagram 4). This 

was approximately 60 x 12 x 12 inches, of pine boards, with a 

zinc bottom t brough which heat penetrated from a chamber below, 

heated by electric bulbs. The thermoregulator was located in 

t re upper chamber just over tre cultures. Each day flats were 

made up and put in tbe breeding chamber, others were transferred 

to t~ emergence box, and still otrers were removed from th9 

emergence box, made up with new medium and returned to the breed-

ing c .tamber. Flies were collected from the emergence box as in 

former attempts, except t :P..at air was provided by a .hand rotary 

duster. Tr~s apparatus was not a complete success as tbe flies 

would not all emerge in the emergence box. Temperature and 

humidity were approximately the same as in the gum jars and plenty 

of larvae were produced in the breeding cl:s..mber. At t tis point 

it was decided tP~t, for further work, flies would be reared in 

individual gum jar cultures, the teclmique of which is describ-

e d under the next beading. 



EXPE RIMENTAl.=-sREEDING CHAMBERS 

Diagram 1 

Diagram 3 

Diagram 4 
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V. EXPERIMEl\fTAL TEC:8NIQUE 
• e:t .i.J,;-

l. Care of Cultures an§. Aging Jars. 

During the period of time in wr~ch most of the spray

ing was done, it was found necessary to ~~ve on hand at least 

eighteen cultures to provide a minimum number of 5,000 flies per 

day. As t be cu.l tures depreciated very rapidly a.fter fourteen 

days of emergence, it was necessary to discard and make up new 

cultures each day. They were made up as previously described, 

dated, and approximately 300 flies, of not more tr~n t~xee days 

age, were adrr~tted to each culture. After an egg-laying period 

of four days, the flies were removed and discarded. Collections 

were made from the emerging cultures at th~ same time each day 

and were put aside in aging jars (Fig. 6) in a sn~ll temperature 

and lumidi ty cabinet, from w l'i er_, on t re t r.drd day, t l:ey were re-

moved for spraying. The temperature cabinet in wr~ch the cultures 

were kept was constructed of commercial wallboard and temperature 

wa.s maintained at soo E. The lurnidity inside th3 gum jars was 

usually about 95 per cent. Occasionally a culture ~Bd to be damp

ened with water. Tr~ drying was due to insufficient banana med

ium when made up, or to an excess of sawdust. Cabinets enclosed 

in glass were not satisfactory for ordinary gum jar cultures as 

condensation took place witr~n the cultures and flies became stuck. 

Tr~ aging jars consisted of gum jars the bottoms of 

which were replaced by tulle. Feeding was provided for by sew

ing a cotton cone to a hole in each cotton top and therein 
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inserting a peeled banana. The cones hung down into the jars 

for four or five incres and excess juices from t re cones passed 

through the tulle bottoms. It was noted tb..at not more tban 

2,000 flies sb~uld be aged in one jar at a time. Cones b~d to 

be thoroughly washed out each time before using, otherwise tb..ey 

became stiff, preventing the passage of juices. The flies were 

aged at a temperature between 68 and 70 degrees Fahrenheit, and 

a humidity of 95 per cent. Lower bumidities caused a partial 

drying of the cones, and prevented feeding. 

2. Collecting of Flies. 
~ ... _ . 

In collecting emerging flies all cultures are removed 

from the temperature cabinet and placed in a row on the labora-

tory table. With a clean empty gum jar in one band the cotton 

top of a culture is removed suddenly with the other hand and the 

gum jar placed over it upside down. Carried to the daylight the 

flies are drawn into t re collecting gum jar, often being assist-

ed by gentle s baking. When the culture is empty of flies, t re 

collecting jar is suddenly removed and placed against the chest, 

preventing escape. The flies are easily jarred to t~..e bottom of 

the collecting jar while held against the cr~st, and wtile they 

are there the cotton top of tbe second culture is suddenly re-

moved and tre collecting jar placed over it as before. With a 

little practice the culture and collecting jar can be brought 

t oget :b..er on a slant t ius preventing flies already collected from 
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spilling into the culture to be cleaned. 

Wben the emergence for t :b.e day has been collected, the 

flies are transferred to the aging jars. ~re a chemical separ

atory funnel is enrployed (Fig. 3). The rim of a gum jar metal 

cover is soldered to a small funnel and attached to tr~ filling 

end of tre separatory funnel with DeKhotinsky cement. The valve 

of the separa.tory funnel is closed and the rim is placed over the 

c o lle et ing jar , t he cotton top of w }i..i c h 1-'.a s be en removed. The 

two of t rem are t ben inverted and wit!: a few downward sweeping 

motions tr.e flies are transferred to the separs.tory funnel. A 

cork through wbict. passes a piece of rubber tubing is tren placed 

in the end of t};...e separatory funnel. The valve end is then 

placed under t~e elastic holding tv~ cotton top of the aging jar, 

with filled feeding ·cone already in place, the valve is opened and 

tbe flies tilted into the aging jars. Tr~ flies will clog in the 

valve end of tr~ funnel if tb~ flow is not regulated by slight 

auctions of air t:h.rough the rubber tubing of tv..e cork. 

3. AdLritting, 1lies to S~~aying Tubes. 

In preliminary investigations flies to be sprayed were 

put in tubes 45 mm. long and 14 mm. wide inside diameter, fif

teen flies being admitted to each tube. This size was later dis-

carded for a tube much larger, 60 mm. long and 35 mm. wide, in

side diameter. Approximately lOO flies are put in each of t~ese 

tubes. (If exactly one hundred flies could be admitted to each 
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tube witb~ut too much trouble, it would save a great deal of 

time in recording spraying results and the final analysis could 

be carried out witt.out the necessity of dealing with weighted 

averages and the conversion of percentages to "angles of equal 

information", as stated by Bliss (5). Flies for spraying are 

transferred from the aging jars to the separatory funnel in the 

same manner as previously described. Tulle, 28 mesh to tbe inch, 

is placed on one end of all tubes to be used. A small rand air 

pump is attached to t :b...e tubing leading t brough t :b..e filling end 

of tre separatory funnel, which is placed on its side. The valve 

end of this is surrounded by a cork wtJ.ch fits into the open end 

of t:r..e spraying tubes and with a few gentle strokes of the air 

pump flies are driven into the spraying tube w:b..ich is quickly re

moved and capped with tulle. Flies were not left in the separatory 

funnel any longer t ban necessary and all flies to be sprayed were 

not admitted to the separatory funnel at one time. Wben spraying 

large numbers of flies a second separatory funnel was used, tbe 

first being laid aside before evidence of moisture appeared. Flies 

were ~prayed as soon as possible after being admitted to the spray

ing tubes and all spraying was carried out at exactly ?0 degrees 

Fahrenbeit, temperatures being recorded in the fume cr..a.mber at tre 

level of the atomizer. Tbe temperatures were controlled by 

electric fe.ns placed near radie.tors, etc. It was impossible to 

control tbe slightly fluctuating humidity which approximated 40 

per cent in the basement laboratory. 
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4. Spraying A~Earatus 

The apparatus consists essentially of an outfit 

supplying a ~~rrent of air of an even pressure to an atomizer 

located in a fume chamber. A quarter horsepower motor, operat

ing a small air pump of tbe intake valve type, supplies air to 

a pressure tank, 24 by 9 inches. The large drive wheel of an 

old type sewing machine, mounted on the s:b.aft of the air pump, 

makes an ideal fly-wbeel, and w&s found quite necessary for 

successful operation. A round leatber belt from tbe belt groove 

of the fly-wheel to t:b..e motor operates tre pump. Air enters tbe 

pressure tank through a car tire valve soldered to it. A turn

off valve is situated in the air line between the reducing valve 

and the pressure tank and is located near the atomizer. An air 

cleaner was found necessary and was made of heavy glass tubing 

containing an amount of absorbent cotton. It is located in the 

air line, just before tbe reducing valve. A manometer between 

the reducing valve and the atomizer records the exact air pres

sure in incres of mercury. 

Tbe atomizer used was Tattersfield's Noa 2 type. The 

advantage of this atomizer over the No. 1 type is that it has an 

adjustment for regulating tbe fineness of tbe spray. Preliminary 

work with the former type of atomizer showed that one cubic centi

metre of spraying solution of low viscosity would atomize in six 

or seven seconds, and with tre l'Io. 2 type tre same solution and 
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amount could be atomized in a period of time exceeding a min

ute if necessary, both being operated at a pressure of 15 poun

ds per square inch. With atomizer No. 2, and using the ad

justment, solutions of varying viscosities can be atomized in 

tbe sarr~ period of time. The atomizer is located in a fume 

c~amber and is mounted on a platform adjustable for beight by 

means of nuts turning on four ttreaded metal legs. A spray

ing clamp, a.lso adjustable for height, is located in such a 

position that t le tube containing the flies is held directly 

beneath and with tre upper end seven and one-half incres below 

tbe orifice of the atomizer. Its position is crecked from time 

to time by means of a plumb bob. The angle of the spray cone 

is also frequently checked by spraying a piece of coloured blot

ting paper surrounding a spraying vial while in position. 

5. S~raying Operations 

The motor is started and wren pressure reaches 25 

pounds per square inch in the pressure tank, spraying is begun. 

Air is adrni tted to the atomizer by opening the slut-off valve 

from the tank and is regLll&"ted to a height of 15 inches of mer

cury by t J::e reducing valve. In spraying, only one- balf cubic 

centimetre of solution is used per tube, early experiments having 

shown this to be as effective as one cubic centimetre. In tests 

involving a few tubes the solution is admitted to tbe atomizer 

by a small pipette. Where more tubes per test are used, the sol

ution is contained in a 25 cc. graduated pipette equipped with a 
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valve and fastened in position by means of a laboratory stand. 

When the pressure reaches forty pounds in the tank tbe air pump 

is stopped and is not started again until tbe pressure has drop

ped to twenty-five pounds. Using an Eastman Timer, tbe atomizer 

is adjusted to atomize 0.5 cc. of spraying solution in 12 - 15 

seconds. The tubes are sprayed as soon as possible, and in order 

in wbich tley were made up. After baving sprayed with one sol

ution, distilled water is run t:brough the atomizer, followed by 

a little of the next spray solution to be used in order to clean-

se tbe atomizer of contamination before continuing spraying oper-

ations. 

6. ~eding Flies After Spraying and Recording 
Results. 

One hour after each tube was sprayed, the flies were 

transferred to corresponding feeding vials. Originally tbey 

were fed by forcing absorbent cotton plugs containing 10% dex

trose solution into tbe neck of tbe vials. This was not satis-

factory as some solution often escaped into the inside of the 

vial and caused the flies to stick to t~~ glass. By putting 

absorbent cotton in sma.ll cones made of galvanized screening 

to fit tm vials and tren soaking in the feeding solution before 

inserting into the vials, escape of the solution was eliminated. 

It was also discovered tbat the dextrose solution dried quite 

rapidly, and in further experimental work eight per cent honey 

solution was used, as shown in feeding experiments to be described. 
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Feeding tubes were constructed of the same diameter as the 

spraying tubes, and somewhat longer. One end of the feeding 

tube was covered with tulle, tre other end contained the feed

ing solution in absorbent cotton, beld in position by cones of 

galvanized wire screening. The open feeding tube was more ad

vantageous to use t mn was the vial, as most of the flies which 

became stuck to the sides of the tube during spraying could be 

dislodged by simply blowing down through tre spraying tube into 

the feeding tube, thls eliminating considerable handling with 

camel's-hair brushes. 

After feeding, the flies were removed to a temperature 

and hlmidity cabinet and held at 70 degrees Fahren~~it and at a 

tumidity of approximately 95 per cent for twenty-four hours, when 

the dead and live flies were recorded. Originally the flies 

were held forty-eight hours after spraying, but results taken 

at 24 and 48 hours indicated that a lower co-efficient of var

iation occurred in the 24 hour recordings. In separating the 

dead from the living flies for counting, tbe live flies were 

attracted into a round bottom flask by light. 

7. Feeding Tests. 

The importance of providing proper feeding facilities 

for the flies after spraying was indicated in preliminary ex

periments. Feeding tests were therefore carried out, the res

ults of which are shown in diagram 5. 

Ten per cent solutions of dextrose, glycerine and honey 



~017 ' ON 

Diag. 5 ' O.ll '' 0:::> SN3MO 53H~nH 3H.l 

I I 

I I I 
. I 

,, 

I I 

., 

I! 

.I 

'. 
! I 

'I 

. ' 



-41-

were tested and checked against distilled water. In one-balf 

of tbe vials the feeding solutions were contained in absorbent 

cotton plugs at one end of the vials only. In the remainder 

t re feeding solution was made available at both ends of tbe 

vials by forcing some absorbent cotton containing tbe solution 

to tbe bottom of the vials, tbe flies being admitted before tbe 

second plug was put in place. ~ach lot contained forty vials 

of approximately fifty flies each. 

Results show that flies live much longer wren food 

is available at both ends of vials, no mortality occurring un

til tbe second day. With the solution at only one end of the 

vials, mortality occurred at the end of one day and on the ei

ghth day all flies were dead. With the glycerine solution the 

increase in mortality occurred a little later than with the 

dextrose and honey solutions. In tbe tests with the solutions 

at both ends of the vials the increase in mortality with the 

glycerine occurred a little before that with the dextrose and 

honey. 

Results indicate little difference between dextrose 

and honey as a food for Drosophila, but as honey is always 

easily available it was decided to use tr~s material in feeding 

tie flies. Ot~r feeding tests in wrJ.ch various strengtbs of 

honey solution were used, tbe data of which are not included, 

indicated tbat an eight per cent solution would be the most 

effective to use. FUture feeding solutions were tl~refore used 

at t rJ. s strength. 
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VI. PRELIMINARY SPRAYING TESTS 

1. I\iledian Let bal Dosage 

Experiments to establish the median lethal dosage 

were run in preliminary work using the common brand of nico

tine sulphate known as "Neotineu. Flies were obtained from 

gum jar cultures producing a good emergence and t l'l:1 median 

lethal dosage for flies from tr~s source was determined at 

approximately 0.5%. 

2. Co~arative Nicotine Tests 

Using 0.5 per cent solutions for future comparisons, 

test~ were made comparing three commercial brands of nicotine 

sulphate; l~-eotine, IVco and Bri tni co, and the commercial alka

loid, Nicofume. Flies were secured from t~altlu cultures, the 

emergence from each culture being separated from other cultures 

and divided approximately equally between the four nicotines 

under test. 

Results are sbown in tables 1-8. 



Ta.ble No. 1 . 

Sprayed with 0.5% Neotine Solution. 

Vial No. 1 2 3 4 . 5 
CUlture ho.Flies % No.Flies % No. Flies % No. ],lies % No. Flies % 

N SJ2rayed Kill Sprayed Kill Sprayed Kill S~r~ed Kill Spray-ed Kill - 0. 
d 

1 73 33.3 105 47.6 53 30.5 122 48.3 106 17.9 

2 121 51.2 119 49.4 91 48.4 107 56.1 112 41.8 

3 74 89.2 ?8 ?7.1 81 96.3 98 95.0 72 94.5 

4 63 4;G.8 167 41.? 138 54.3 162 41.8 134 44.1 I 
~ 

5 143 68.6 77 66.2 114 43.0 154 66.2 133 48.2 CN 

• 
6 16? 6 ?.1 165 70.3 111 43.2 131 58.2 ?3 43.8 

7 lOO 41.0 129 43.4 118 53.6 201 54.6 --- ---
8 111 53.2 126 56.3 179 65.3 26 61.5 98 35.3 

---
9 151 54.? 91 44.0 95 41.0 106 57.6 ---

10 91 51.7 88 40.9 114' 46.5 116 47.4 57 56.2 

TOT.AL 5346 

AVERAGE NUMBER OF FLIES PEH VIAL 111.4 

.AVERAGE PER CEl\IT MORTALITY 53.3% 



Table No. 2 

Sprayed with 0.5% eyco Solution. 

Vial No. 1 2 3 4 5 
CUlture l~o. Flies % N'o.F1iea % No.F1ies % N"o.Flies er/ l~·o. Flies % 7o 

No. Sprayed Kill Sprayed Kill Sprayed Kill Sprayed Kill Sprayed Kill 
' 

1 65 29.3 112 43.7 90 38.8 88 30.7 80 38.8 

2 120 35.8 96 50.0 91 45.2 119 55.5 84 26.0 

3 73 94.1 91 89.0 88 47.8 96 ?0.7 83 ?8.4 

4 102 22.6 198 40.3 182 2?. 6 94 23.3 119 3?.0 
I 
~ 

5 110 47.3 206 79.3 116 37.1 92 43.7 127 81.0 ~ 
I 

6 139 49.7 152 34.8 139 29.4 140 40.0 103 36.8 

7 56 30.3 98 31.7 107 19.7 134 33.8 170 71.2 

8 117 51.1 72 48.6 104 52.8 218 45.8 --- ----
9 83 59.1 14.7 49.7 79 48.2 110 50.9 107 51.3 

10 89 24.7 126 34.8 107 38.3 107 29.9 119 37.8 

TOTAL 5545 

AVERAGE NUMBER OF FLIES PER VIAL 113.2 

AVERAGE PER CENT MORTALITY 45.3% 



Table 1\J o. 3 

Sprayed with 0.5% Britnico Solution. 

Vial .No. 1 2 3 4 5 . 
% o' ... · No.:B,!ies o" CUlture Uo.F1iee No.Flies % No. ],Iiee % :No.Flies 7o /o 

:No. Spra~d.~ ___ _I~ill_ __ ~ Sp_rayed Kill SJ2rayed Kill SpraY:ed Kill _S;>rayed Kill • 

1 111 21.6 119 34.4 106 27.4 141 31.9 106 33.9 

2 99 33.3 73 56.1 112 35.7 95 30.5 104 42.3 

3 95 84.2 80 80.0 42 92.8 121 83.4 97 84.5 

4 154 62.2 116 39.6 128 39.0 97 42.2 63 39.7 
• JP.. 5: 142 71.1 145 82.7 166 70.5 129 87.6 183 53.0 ()1 

I 

6 136 56.6 137 62.0 121 4 7. 9 132 46.1 153 40.5 

7 89 35.9 146 40.4 154 45.4 126 36.5 136 28.6 

8 114 58.7 106 41.5 138 38.4 115 40.0 148 56.1 

9 73 69.8 114 56.1 104 4~.2 117 59.5 --- _ .. __ 

10 98 42.8 115 46.1 119 42.8 101 48.5 --- ------ ------ -- ~-~-------------------~-

TOTAL 5616 

AVERAGJ:_; l"JUIJ.IBER OF FLIES PER VIAL 117.0 

AV~RAGlJ~ F~H CENT MORTALITY 50.9% 



Table No. 4 

Sprayed with 0.5% Nicofume Solution. 

Vial l~o., 1 2 3 4 5 
Culture .i~ o . li1l i e s % No.Flies % No. ],lies % No. Flies % E'o. Flfes % 
___ J.'{Q_!_ ~ ... Sprayed ~ -~J.{All J?:P:r~ayed Kill Spraxed Kill Sprayed Kill §Eay_ed Kill - ......... 

1 51 3?.2 88 55.6 59 66.1 59 33.9 113 34.5 

2 74 43.2 153 62.1 109 79.2 121 88.4 77 32.4 

3 94 98.9 128 100.0 82 100.0 89 98.8 90 98.8 
I 

4 71 91.5 113 ?1.? 219 ?3.5 83 89.1 143 91.6 .~ 
0) 

I 

5 110 92.7 156 83.3 102 84.3 98 85.? 143 89.5 

6 13? 89.0 131 76.3 123 94.3 121 81.0 132 86.3 

7 161 74.5 190 88.4 155 87.7 40 97.5 144 8?.3 

8 87 80.5 118 96.6 90 86.6 153 90.2 122 87.7 

9 134 86.5 146 99.3 156 85.2 144 93.? 118 82.1 

10 114 81.6 109 ?6 .l 102 80.4 127 95.2 136 84.5 

'l,OT AL 5815 

AVERAGE NUMBER OF FLIES PER VIAL 116.3 

AVERAGE P.ii;R Cl!!NT MORT ALI 'rY 82.5% 
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Upon the suggestion of Dr. Jobn Stanley, ~ueen's 

University, tbe results of tbe experiment were analysed as 

follows:-

Let x = number of flies in a given vial. 

n y : number of flies killed in a given vial. 

n p : per cent of flies killed in a given vial. 

" Nv : the number of vials taken from one jar. 

" Nj : tbe number of jars used. 

Then P, t r..e mean per cent killed for t ~ vials from 

one given jar, is:-

P : S(y(X) : S(P) 
NV l~V 

For jar No. 1, Table No. 1 this would be:-

S(P) : 03.3 + 4?.6 + 30.2 + 48.3 t 17.9 - 177.3 -
l:~v = 5 

p- 177.3 = 35.46% - 5 
The Standard Deviation 6 p for a given jar is:-

6" p = V~, p2) _ p2 
:Nv 

For jar No. 1 this would be:-

33.32 i 47.6 2 + 30.2
2 + 48.32 t 17.92 + 35.46

2 

5 
tp = y 130.6 

dp : 11.45 

Tmn for jar l:o. 1, Table l~o. 1, P 

p - 35.46 6p - 3.1' 
- 11.45 - 0 -

As the level of significance is 1.64 ,P for jar Ho. 1 is 

significant. 
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The coefficient of variability for a given ja.r is:-

c. V. - 1o<>Ji.P • lOO ( 11,. ~5 ) - 32.25% - -p 35.46 
As the level for unsatisfactorily variability is 61%, 

has satisfactorily low vari~bility. 

The Standard ~ror of the Mean for a given jar is:

s.E. _ - 6 
p vw 

For jar No.l this would be:-

- 11.45 - = 11.45 -~ - 5.12 (approximately) 
V5 2.236 

jar No.l 

-A given jar differs significantl 
--~~~2~--~------

grand mean P if:-

P-P-/2.5 (S.E._) +- (S.E._) 
p p 

Results of these analyses for Neotine are shown in Table 5. 



Table No. 5 

Showing results when sprayed with 0.5;~ Neotine Solution. 

\ -
Jar .I:;o. . "Mean' % • Standar·d Coefficient Standard . s·ignif1'cant Difference if 

Mortality Deviation of P :t.irror of _ _ '\ J _ 2 _ 2 
--·------------... ---~-----· _v~ar ia,t ion 6p _ . _ Me an p - P > 2. 5 )'j s ... E. P. ) :t (§.!11• P) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

35.46 

49.36 

90.42 

44.94 

58.44 

56.52 

4?. 91 

54.4 

4?.1 

11.45 32.29 

4. 83 9. 78 

7.08 ?.83 

4. ?5 10.56 

10.65 18.22 

11.34 20.06 

5.80 12.10 

10.23 18.80 

16.28 13.33 

3.1 5·'12 18.34 > 11.50 

10.2 2. ).6 3.44 < 7. 75 

12.7? 3.16 36.62 :::> 9.50 

9.46 2.12 8 • 86 :::::::> ? • 6 7 

5.48 4. 76 4.64 <: 13.12 

4.98 5.07 2 • 72 -<. 13 • 82 

8.25 2.90 5.9 ~ 9.12 

5.31 4.5? 0.6 -=::::::: 12.6? 

?.50 3.14 6.7 <:::: 9.62 

10 48.54 5.14 10.58 9.44 2.29 5.26 <::::. ?e97 ......... .-........ _...-..., ....................................... ,._.......... ··--~-----------

GRAND S'l, ANDARD DI!.,V IAT 1 01\J FOR ALL VIALS 

AVERAGE PER CEl~T :MORTALITY (P) 53.3% 

COE:B',]'l CIEN'l' O:B1 V .ARIAT ION 28.43% 

GRAl~·D ST.Al\fD.ARD ERROR 2.2315 

15.46 

P = 53.3>1.64 6 or 25.35. T bat is, P is significant. 

I 
.p.. 
~ 

• 



Table No. 6 

Showing results wren sprayed with 0.5% Britnico Solution. 

Jar No. Mean % Standard 
Mortality Deviation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 -

29.80 

39.58 

84.98 

44.54 

72.98 

50.62 

3?.36 

46.94 

5.04 

9.13 

4.22 

8.89 

11.97 

7.68 

5.54 

8.63 

5 7.36 8.14 

45.05 2.40 

Coefficient _ Standard Significant Difference if 
of _L Error of - -> \ ) 2 2 Variation tfp Mean P -P 2.5 \ { S.E.p +{ S.l~.p) 

16.91 

23.06 

49.65 

19.96 

16.40 

15.1? 

14.83 

13.38 

14.19 

5.33 

5.91 

4.33 

20.14 

5.01 

6.09 

6.60 

6. 74 

5.44 

7. 05 

18.77 

2.25 

4.08 

1.89 

3.98 

5.35 

3.43 

2.4 7 

3.86 

4.07 

1.20 

21.09 .::::::::> 8.57 

11.31 <::::: 12.00 

34. 09 :::::=- 8. 02 

0 • 2 7 .c:::::::: 10. 75 

3. 95-= ::: 11.62 

6. 4 7 -:::::::: 12. l.O 

I 
01 
0 
I 

GR.AN"D STANDARD DEVIATION FOR ALL VIALS 18.02 

AVERAGE PER CE:NT 1IDRTALITY (P) 50.92 

COEFFICIENT OF VARIATION 35.41 

GRAND STANDARD ERROR 2.5? P : 50.92~1.64 6or 29.55. That is, P is significant. 



Table No. 7 

Showing results when sprayed with 0.5% ~eo Solution. 

Jar"No·~-- Me.ait% - Standard . Coefficient Standard Significant Difference if 
Mortality Deviation of P Error of v· 2 2 

Variation dP Mean p-P>2.5 . (S.E._) t- ( S.E •. : .. J 
p p 

-------------------------------.re..,... =~ ?nrrclrn .. ....,..... • I J m --- .- _ .. I tr F G • I -- .............. ~ 

1 36.26 5.43 14.98 6.6 7 2.42 

2 42.30 10.80 25.54 3.91 4.83 

3 ?6.00 16.28 21.43 4.6 7 ?.28 

4 30.16 ?.21 23.91 4.18 3e22 

5 5?.68 18.64 32.32 3.09 8.33 

6 38.14 6. 72 1 ?.62 5.68 3.01 

7 3?.34 1?.61 47.16 2.12 7.88 

8 49.57 4.18 8.43 11.86 2.09 

9 50.24 1.24 2.46 40.51 0.55 

10 33.10 5.05 15.25 6.56 2.26 
----~--- - ---- -- --- ~----~ ---~ I 

GRAND STAIJ"D.ARD DRVIATION FOR ALL VIALS 17.27 

AVERAGE PER CENT MORTALITY (P) 45.08% 

COEFFICIENT OF VARIATION 38.33% 

e. 72 < 
2.68 < 

31.02 :::>-
14.82 > 
12. ?0 < 
6.84 < 
?.64 < 
4 .. 59 < 
5.26 < 

11.88 _:::::::.. 

18.62 

13.55 

19.20 

10.13 

21. ?0 

9.68 

20.63 

8.08 

6.30 

8.35 

GRAND STANDARD ERROR 2.49 P = 45. 08)-1.64 6 or 28.32. That is ,P is significant 

I 
01 
..... 
I 



Table No. 8 

Showing results when sprayed with 0.5% Nicofume Solution. 

Jar No. Mean % ·-·-··standard • coefficient· · .. standard· signif.ic.ant' ':Ofrference if 
Mortality Deviation of P Error of 1 j 2 2 

Variation dP Mean P-P>2.5 \ (S.E._) t (S.E._) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

45.46 

61.06 

99.30 

83.48 

87.10 

85.38 

87.08 

88.32 

89.36 

83.56 

13.42 

21.29 

0.57 

8. 95 

3.50 

6.25 

?.33 

5.22 

6.26 

6.41 

29.52 

34.87 

0.57 

10. 72 .J 

4.02 

7.32 

8.42 

5.92 

7 .. 01 

?.68 

GRAND STANDARD DhVIATION :b""DR ALL VIALS 17.69 

AVERAGE PER CENT MORTALITY (P) 81.01% 

COEFFICIENT OF VARIATION 21.83% 

3.38 

2.87 

l ??.53 

9.44 

24.03 

13.66 

11.88 

16.92 

14.2? 

13.03 

6.00 

9.52 

0.25 

4.00 

1.56 

2. 79 

3.27 

2.33 

2.80 

2.86 

GRAND ST Al\fD.ARD ERROR 2 • 50 p = 81.01>1.64 oor 29.01. 

p p 

35.55 ~ 16.25 

19.96 ~ 24.62 

18. 2 9 _::::::::. 6 • 26 

2 • 4 7 c:::::::::: 11. 7 7 

6.09 ...::::::::: 7.64 

4.3 7 <::::: 9.35 

7.31 8.52 

8.35 23.20 

2.55 9.47 

That is, P is significant 

I 
()1 

ro 
I 
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Since a given gum jar culture differs significantly 

from t:b.e grand mean P if P - P>2.5 V(s.B._)2 + (S.E._) 2, 
p p 

replications sr..ow inconsistency between samples of flies from 

various cultures sprayed with any one brand of nicotine. Also 

replicate sprayings of each of tbe four brands of nicotine do 

not show great consistency wben using samples of flies taken 

from the same culture, for each replication. 

Conditions of rearing, randling, spraying, and feed-

ing of flies in all gum jar cultures were tbe same so t~~t the 

inconsistency of results must r~ve been due to varying conditions 

of the flies. Tests were toorefore run to establish tre factor 

or factors causing the variation in susceptibility of t re flies 

to t~~ nicotine solutions compared. Tbe following experiments 

establisred tbe effects of (1) tre age factor, (2) tf'..e :tumidity 

factor, e.nd (3) tre culture age factor upon tre degree of toxi-

city. 
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3. AGE FACTOR 

Results from the tests of the four brands of nic-

otine sulphate using flies from average gum jars indicate 

inconsistenc,y in results even when fairly large numbers of 

flies were used. To establish any possible effects of the 

age factor upon results it was decided to spray flies one. 

two, three and four days old with 0.5 per cent 11 l~eotine 

nicotine sulphate. Flies were secured as described under 

method 4 and were aged by methods previously mentioned. 

Results were as follows:-

Table No. 9 

Age Factor. 

Flies were sprayed with 0.5 per cent Neotine solutions. 

A e One da Two da s Three da, s Four days 
No. flies No.flies 0 No. flies No. flies 

Repl. Sprayed Kill Sprayed Kill S~rayed Kill Sprayed 

1 403 54.8 502 10.3 60 26.6 481 

2 124 69.3 152 25.3 213 22.5 238 

3 699 27.7 564 8.8 560 9.6 148 

4 888 44.3 871 10.4 857 11.4 975 

5 284 40.8 845 8.0 755 13.9 731 

6 306 44.4 316 27.2 726 17.2 663 

7 666 44.3 255 11.3 162 24.5 522 

8 517 43.8 --- ---.- 682 13.2 367 

9 247 36.0 343 13.9 378 19.8 343 

TOTAL 4134 3868 4393 4468 

AVERAGE '/o KILL 42.5 11.9 14.8 

GRAl\fD TOTAL 16,863 

0 

Kill 

9.9 

18.1 

6.7 

11.3 

16.7 

16.8 

18.7 

7.9 

19.5 

14.3 
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Results in Table 1 show trat the flies one day old 

are the most susceptible to nicotine, flies two days old, the 

least susceptible and flies three and four days old slightly 

more susceptible to nicotine than flies two days old. At t~is 

point it was seen tr~t the apparatus in which the flies were 

reared (diag. 4) would not be suitable for extensive operat-

ions and it was therefore decided to continue witt the gum 

jar method of rearing. As future results would be obtained 

from flies reared in gum jars it was necessary to carry on the 

experiment establist~ng the effects of age on toxicity using 

flies reared under the gum jar method. Results were as follows:-

Table No. 9a 

Age Factor 
Flies were sprayed with 0.5 per cent Heotine solutions. 

A e 

Re;pl. 

1 

2 

3 

4 

5 

6 

? 

8 

9 

10 

No.flies 
Spra:t~d 

965 

940 

10?6 

1628 

1387 

1568 

1451 

1562 

973 

?62 

TOTAL 12312 

AVERAGE '/o KILL 

GRJ.liD TOTAL 

0 

Kill 

33.5 

13.? 

31.4 

12.5 

15.6 

16.5 

15.1 

11.1 

13.2 

14.6 

17.1 

4?. 7?3 

No. flies 
Sprayed 

841 

1264 

1318 

1501 

1236 

1151 

1241 

?16 

97? 

1271 

11516 

'0 

Kill 

4.3 

3.0 

2.5 

4.4 

2.5 

5.5 

2.9 

3.2 

3.2 

3.4 

No.flies ~ NoAf1ies 
Spr~yed Kill Sprayed 

943 

1205 

114? 

1442 

13?6 

145? 

1068 

1138 

1:314 

1168 

12258 

3.0 809 

4.8 91? 

2.? 1441 

1. 8 1558 

3.5 1598 

3. 5 5 ?4 

1.5 990 

5.2 982 

7.6 1168 

4.3 1650 

1168? 

3.8 

0 

Kill 

9.0 

5.9 

4.9 

5.0 

4.2 

5.2 

5.0 

5.3 

7.3 

7.4 

5.9 
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The average number of flies dead in Tables 9 and 9a 

was calculated from the total number of flies sprayed in each 

case. Results of Table 9a are consistent with those of Table 

9 with the exception of the hig~er kill obtained in the four 

day old flies of Table 9a. It was found unnecess~ry to analyze 

the results as a daily per cent kill shows consistency and it 

is definitely shown tl1..at the age factor may in some cases, as, 

for example, flies one day old, affect the degree of toxicity. 

The higher mortality in Table 9 cannot be explained. It has 

been previously mentioned that the technique and metl-:od of 

rearing flies obtained from tr..is source (diagre.m 4) had to be 

discarded because of the low emergence of flies per pound of 

bananas in comparison with the emergence obtained under the 

gum jar method of rearing. The lowest per cent kill obtained 

in both tables was with flies that were two days old and the 

per cent mortality obtained wit~ the three day old flies was 

only sligr.:.tly higher. All future tests were made, however, 

with flies tbree days old as other workers were using flies 

of this age. 

4. Humidity Factor 

To establish the effects of humidity upon toxicity 

it was decided to age the flies in tl~ee widely ranging humid

ities before spraying. Qylindrical cages were constructed of 

fine wire netting having a cotton bottom and a cotton top 

from which was suspended the cotton feeding cone containing the 

banana, being identical with the method employed in feeding in 
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aging jars. The emergence of each day was divided into tlxee 

lots a.nd put into t r.ese cages and at the age of t bree days the 

flies were sprayed with 0.5 per cent "Neotine" nicotine sulpr~te. 

Tre low lumidity cages were put in a cabinet on tre 

second floor of the laboratory, held at ?0 degrees Fabrenbei t 

and at room lumidity which was approximately 40 per cent. 

Otrer cages were put in controlled temperature and humidity cab

inets and were leld at ?0 degrees Fal'l..renheit and at a humidity 

of approximately ?5 per cent. In the th~rd group tr~ cages 

were put inside gum jars containing moist sawdust and were beld 

at ?0 degrees :B,abrenrei t with humidity at approximately lOO 

per cent. 

The following table s~~ws results obtained. 
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Table No. 10. 

HUMIDITY FACTOR 

Flies sprayed with 0.5% Neotine nicotine sulphate solution. 

Approx. 
HJ.midit 40o 
Repl. No.Flies '() 

Sprayed 

1 905 

2 528 

3 631 

4 591 

5 903 

6 898 

? 772 

8 649 

9 643 

10 1094 

TOTAL 7614 

AVERAGE% KILL 

GRAND TOTAL 

Kill 

7.0 

9.8 

5.4 

16.5 

10.1 

3.0 

5.0 

13.4 

4.2 

5.2 

7.38 

23,120 

10 'D 

'() No.F J.es 0 

Kill Sprayed Kill 

715 1.9 725 1.8 

792 3.6 742 3.2 

784 5.5 698 3.4 

666 3.1 779 2.3 

699 2.4 839 2.1 

802 5.8 886 2.? 

680 3.9 ?28 2.6 

877 4.? 830 2.2 

766 3.6 899 2.1 

1012 1.7 587 1.0 

7793 7713 

3. ?6 2.53 
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Results indicate that tbe hlmidity at wrich flies 

were aged previous to spraying has very little if any effect 

upon toxicity. A slight difference is sbown in mortality 

obtained with flies aged at 40 per cent humidity and flies 

aged at lOO per cent humidity, but t~~s may be accounted for 

in part, if not entirely by the fe..ct that the higl:er mortality 

obtained with flies aged at 40 per cent humidity was due to 

the poorer feeding conditions. Preliminary tests in this ex

periment resulted in a very h..igh kill with flies aged at the 

forty per cent lumidity wbich was discovered to be due to 

drying of the cone containing the banana. In obtaining the 

data sr~wn for tr~ lower humidities tbe feeding solutions 

were ch~nged twice daily. 

5. CUlture Age Factor 

As the emergence of flies from gum jar cultures 1na.y 

extend over a period of twenty days it was necessary to find 

out if aging cultures produce flies tbat vary in their sus

ceptibility to nicotine. Accordingly, ten cultures were made 

up and the emergence from each culture for each day was spray

ed separately with 0.5 per cent Neotine nicotine sulphate 

solution. Aging jars were prepared for each culture and cor

responding numbers given to tbem. All flies were aged to 

three days before spraying. Results are shown in the follow-

ing table. 



Jar. No. 
Age of 
culture 

13 days 

14 

15 

16 

1? 

18 

19 

20 

21 

22 

23 

24 

25 

26 

2? 

28 

29 

30 

31 

32 

33 

0 

Kill 

3 ?9 13.9 

2?3 6.6 

315 

236 

209 

84 

122 

36 

55 

134 

8.9 

8.5 

14.3 

7.1 

13.9 

16.6 

9.1 

8.9 

?8 43.6 

TOTAL 1921 
AVERAGE % KILL 11.9 
PER VIAL 
AVERAGE NO. :&,LIES 
PER VIAL ?6.8 

?35 

609 

?56 

364 

33? 

185 

264 

194 . 

126 

174 

1?9 

85 

196 

114 

141 

141 

482 

4621 

bo 

0 

Kill 

?.2 

6.2 

5.9 

2.4 

3.8 

6.5 

3.8 

?.2 

3.9 

5.? 

15.6 

3.5 

3.6 

9.6 

3.5 

4.1 

4.2 

6.? 

100.4 

205 

3?0 

426 

268 

35? 

333 

445 

33?' 

1?2 

261 

1?9 

259 

121 

284 

18? 

18? 

194 

109 

120 

125 

4939 

0 

Kill 

?.3 

6.2 

6.1 

5.2 

4.5 

4.5 

6.3 

5.9 

8.1 

4.9 

7.2 

5.8 

4.9 

8.5 

14.4 

10.1 

2.6 

1.8 

5.0 

8.8 

6.3 

109.? 

4 

29? 5.? 

154 7.1 

256 3.5 

310 18.4 

108 23.1 

19? 

?5 

56 

215 

145 

100 

82 

70 

41 

105 

110 

2321 

4.5 

4.0 

10.7 

4.2 

3.4 

4.0 

1.2 

5.7 

2.4 

3.8 

4.5 

?.3 

92.8 

) 

232 

192 

426 
' 

282 

435 

521 

423 

445 

306 

309 

234 

102 

0 
0 

Kill 

14.2 

8.9 

8.0 

7.1 

6.2 

2.3 

5.2 

?.5 

3.2 

2.1 

4.8 

61 11.5 

?9 3.8 
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Table No. 11 

CUlture Age Factor 
Sprayed with 0.5% Neotine 

6 ? 
No.Fliea o No.F1ies o 
S r ed Kill S ra ed Kill 

210 

28? 

39 

355 

386 

791 

?52 

4?9 

459 

339 

410 

1?2 

122 

248 

135 

124 

11.4 

8.? 

?.? 

5.6 

6.2 

2.4 

4.4 

5.0 

4.8 

2.6 

2.? 

2.9 

6.5 

4.0 

5.9 

14.5 

221 

251 

329 

391 

683 

492 

356 

230 

264 

143 

24 

34 

63 

1 ?.6 

9.2 

2.? 

6.9 

3.2 

11.5 

3.1 

6.1 

1.5 

3.0 

4.2 

11.7 

4.8 

404? 5308 3481 

Solution 
8 

333 

931 

433 

32? 

5?0 

548 

?53 

593 

134 

0 

Kill 

10.? 

6.5 

5.1 

8.9 

4.4 

6.? 

3.1 

2.0 

6.8 

4? 23.4 

164 12.3 

2? 3.? 

241 

186 

383 

584 

. 464 

541 

313 

61? 

210 

498 

529 

222 

0 

Kill 

5.8 

2.1 

?.3 

3.2 

6.5 

4.8 

9.3 

2.8 

?.6 

?.0 

?.? 

122 . 9. 8 

65 20.0 

124 18.6 

82 ?.3 

4860 5181 
6.0 4.9 6.5 5.8 6.3 

112.4 129.4 102.3 124.6 112.6 

10 
No.F1ies 
Sprayed 

258 

111 

' 189 

235 

548 

429 

466 

162 

425 

336 

268 

1?4 

90 

44 

54 

3?89 

% 
Kill 

6.6 

2.? 

11.1 

8.2 

2.8 

5.8 

12.9 

2.1 

4.5 

5.2 

?.8 

4.5 

25.9 

6.0 

90.2 

TOTAL FLIES 
Sprayed 

1459 

3414 

2791 

3632 

4510 

3909 

4081 

29?2 

28?? 

1681 

2445 

1819 

1034 

1382 

661 

739 

389 

296 

602 

235 

AVERAGE% 
Kill 

11.2 

6.9 

5.? 

?.4 

5.8 

6.0 

4.3 

5.8 

6.2 

5.5 

6.1 

6.0 

5.8 

10.6 

13.8 

6.4 

4.1 

4.3 

6.8 
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Results contained in Table No. 11 show that there 

is little variation in per cent kill with flies sprayed at 

the beginning of emergence and flies sprayed at the end of 

emergence from cultures. The kill recorded for each day 

fluctuates only between 4.1 and 7.4 per cent with the ex

ceptions of those for the first, fifteenth and sixteenth 

days of emergence. 

The average per cent kill recorded by cultures 

for the whole emergence period shows little fluctuation, 

with the exception of the kill recorded for CUlture No. 1. 

The emergence from this culture and CUlture Ho. 4 was low 

and these cultures would ~zve been discarded as a source of 

flies for general laboratory spraying. 
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SYMBOLS USED FOR NICOTINE-SOAP SOLUTIONS. 

Concentration of Soaps Concentre.tion of Nicotines Used. 
Used. 

0.5% 0.5% 0.5% 0 .5~~ 
:t~eotine Britnico eyco l~icofume 

None NO BO HO l~fO 

0.25% Sodium Fish Oil Nl Bl El Nfl 

0.5% Sodium Fish Oil N2 :02 H2 Nf2 

0.25% Potassium Fish Oil N3 B3 H3 Hf3 

0.5% Potassium Fish Oil N4 B4 H4 lJf4 

0.25% Sodium Oleate N5 B5 H5 Nf5 

0.5% Sodium Oleate H6 B6 H6 Nf6 

0.25% Potassium Oleate N7 B? H? Nf7 

0.5% Potassium Oleate 1~8 BB H8 Nf8 

0.25% Triet~~nolamine Oleate N9 B9 H9 Nf9 

0.5% Triethanolamine Oleate NlO BlO HlO NflO 

t a • I t t • t t t • t •••• t I t • t t t t • • t 
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·VII COMPARATIVE T~8STS EMPLOYING NICOTINE ADJ1JV AHTS. 

1. Experimental Outline. Four commercial brands of nicotines, 

consisting of the three nicotine sulphates nNeotine", "Britnicon, 

"eyco", and the alkaloid UJ:Jicofu.me 11 were compared. Eacl: brand 

was tested ·alone and in combination with 0.25 per cent and 0.5 

per cent strengthS of the following soaps: sodium and potassium 

fish oil soaps, sodium and potassium oleates and triethanolamine 

oleate. Check lots were included in each test but as the mor-

tality was negligible, it was not considered necessary to correct 

the· results obtained with the test solutions. 

To eliminate error by possible early cr.anges or inter-

actions in the solutions, all replications were made up in suf-

ficient amounts a month before being used. A slight amount of 

a brownish sediment appeared in the solutions containing the 

fish oil soaps which according to Ut. Hermon, did not alter 

their chemical or physical values. Atomization was not affected 

by the presence of the sediment in these solutions. 

The forty-five different solutions were compared 

twenty-three times, the endeavor being made to use approximate

ly one hundred flies for each solution per replication. It is 

believed the tec~nique as previously described, has certain ad

vantages over a technique previously investigated, in which each 

solution was compared by using about ten spraying tubes contain

ing approximately fifteen flies each per replication. The 

advantages are suggested as follows: (1) There is little 
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likelihood that the one hundred flies of one spraying tube 

vary to any appreciable extent in susceptibility to nicotine 

from the~ one hundred flies of another spraying tube, as both 

samples, obtained by the positive phototrophic responses _of 

the flies, came from a population which was continually mixing 

of its own accord. (2) Flies were without a source of food 

for a s·hort time only, as little time is required in admitting 

them to spraying tubes. {3) The transferring from spraying 

tubes to feeding tubes requires little individual handling. 

The flies do not seem to become stuck in the large spraying 

tubes as nuch as in the smaller spraying tubes a.nd when they 

do, they can often be ea.sily dislodged by blowing down t:b.!l'ough 

the spraying tube into the feeding tube. 

2. Ptysical Prop~rties of Solutions Tested. One month after 

the solutions to be tested were made up, the surface tension 

and pH value of each was determined by using a duNuoy tensio

meter and potentiometer. In addition, the run-off point was 

determined by the following method. A type No2 Tattersfield 

atomizer was fixed in a horizontal position sixteen inches from 

an office wall file board. held in a vertical position and 

upon which was clamped a sheet of commercial waxed paper. The 

atomizer was connected with the air line of the spraying 

apparatus, previously described, and operated at a pressure 

equivalent to a height of fifteen inches of mercury, as;. 
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indicated by a manometer. The solution to be tested was 

contained in a graduate and held by hand to the suction pipe 

of the atomizer. The instant the spray fi~m upon the waxed 

paper began to "runu the graduate was quickly lowered and 

the amount of solution used recorded. Three tests were made 

with each solution, the waxed paper being replaced each time. 



Table No. 12 Number of flies sprS¥ed using Neotine alone and in combination with soaps. 

K : number of flies killed. T • number of flies sprayed. 

1\JO Nl N2 N3 N4 No N6 N7 N8 N9 NlO - -£iep. K T K T K T K T K T K T K T K T K T K T K T -
1 20 50 21 41 130 147 10 23 68 97 56 62 44 56 14 24 63 80 39 60 51 56 
2 9 111 65 90 96 96 63 164 81 98 47 79 86 90 66 101 59 86 50 95 60 77 
3 61 79 99 105 87 87 91 9? 93 95 54 68 91 93 78 95 101 109 68 72 93 95 
4 14 98 101 117 142 138 102 148 108 142 132 145 169 169 92 10 7 102 109 92 117 150 150 
5 33 15 2 10 7 173 133 148 145 15 9 102 121 99 127 107 119 141 146 164 173 123 140 117 125 
6 42 65 82 94 63 67 ?1 99 72 85 48 58 38 46 62 69 60 74 59 69 85 94 
7 49 107 150 164 102 105 97 122 100 106 134 141 109 110 146 162 114 115 79 81 lOO 101 
8 58 79 79 88 117 136 128 168 9 7 105 103 116 86 89 113 149 85 89 36 90 122 127 
9 24 101 108 134 12? 131 104 126 89 94 94 100 84 81 39 94 38 38 99 122 106 120 I 

Q) 

10 82 130 111 121 116 124 109 121 73 129 116 149 101 112 64 78 103 109 99 112 117 123 Q) 

11 17 89 52 89 93 106 86 122 99 114 78 85 105 117 35 62 90 93 55 68 85 94 
I 

12 15 62 58 69 36 44 49 69 68 92 62 79 56 73 88 10? 39 48 11 41 87 99 
13 28 96 86 lOO 99 122 88 99 81 85 108 114 125 13 9 86 125 91 95 89 98 102 121 
14 21 94 97 114 87 90 175 184 71 113 64 95 101 106 56 84 86 91 65 81 85 104 
15 86 129 55 58 74 78 72 80 35 61 65 75 84 89 83 105 78 86 66 85 95 102 
16 43 89 93 119 84 94 84 123 76 85 67 89 133 136 84 101 149 155 104 128 86 107 
17 21 68 87 115 124 127 84 93 55 99 54 88 72 86 77 92 72 78 ·gg 112 96 122 
18 92 11 7 104 110 75 85 75 102 89 103 93 115 lOO 109 90 101 119 125 125 134 97 lOO 
19 59 95 52 84 48 53 45 128 41 66 54 86 47 75 52 ?6 66 77 72 85 68 85 
20 11 120 59 89 103 115 39 91 59 77 49 80 76 89 63 ?9 87 93 60 71 97 124 
21 12 45 55 89 67 ?0 35 84 46 94 51 88 79 92 55 97 110 128 87 104 6? 71 
22 19 108 91 131 143 190 89 151 56 130 39 104 131 138 90 114 143 14 7 66 118 112 127 
23 7 109 52 15 9 108 130 34 145 53 113 54 107 104 116 51 111 73 103 73 132 69 83 

........... -- ~ -------~ ..... ~------~----~--------------~------------~~------~---.--·--~--~--------------------~--
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Table No. 13 Number of flies sprayed using Britnico alone and in combination with soaps. 

K - number of flies killed. T : number of flies spr9¥ed. -
BO Bl B2 B3 B4 B5 B6 B7 BB B9 BlO - T K-T • T K T K T ReJ.>. K K T K T K T K T K T K T K -

1 4 87 50 78 84 95 49 78 74 87 47 74 71 75 52 62 98 105 51 62 63 92 
2 2 75 35 57 8? 98 27 52 42 70 30 48 47 51 94 110 73 83 95 109 83 92 
3 15 91 84 104 102 108 115 127 72 83 7? 88 115 116 95 108 91 101 115 118 98 113 
4 24 179 91 100 128 132 126 156 153 164 122 136 138 138 70 111 1 71 17 4 115 131 13 7 13 7 
5 18 100 90 95 153 158 55 69 112 114 92 103 133 133 138 148 75 85 74 76 89 95 
6 5 56 39 50 75 83 52 75 54 114 63 74 65 77 64 72 71 79 75 82 62 71 
7 4 101 101 132 119 121 65 82 108 111 107 108 113 118 110 116 127 132 93 108 139 151 
8 10 113 131 140 115 117 78 97 109 123 60 67 77 81 55 86 88 91 102 110 94 120 • (}) 

9 33 103 170 189 117 119 117 140 97 105 123 138 128 131 156 169 142 147 68 77 25 36 -.J 

10 19 108 62 92 116 121 84 109 75 101 135 142 83 102 20 36 117 123 106 112 91 116 I 

11 1 90 61 71 74 75 52 75 62 67 78 88 81 85 46 61 76 82 63 79 62 83 
12 9 79 55 78 39 55 29 47 70 82 57 75 50 65 46 81 50 70 58 67 48 72 
13 25 127 82 110 127 132 87 125 132 150 50 62 74 93 126 133 83 87 98 110 66 71 
14 9 84 94 130 96 lOO 49 57 62 77 103 115 68 77 63 87 98 10 9 124 128 89 125 
15 15 91 125 147 97 97 64 75 63 86 93 101 lOO 104 51 71 86 88 92 94 95 112 
16 16 119 72 81 76 84 70 103 102 115 77 91 119 121 68 86 97 107 77 84 82 90 
17 17 73 101 119 115 122 89 105 70 92 80 86 79 91 86 95 77 79 77 90 51 60 
18 21 66 101 104 55 60 56 66 114 147 73 83 172 174 90 107 77 83 105 114 101 113 
19 40 88 41 64 120 126 34 74 60 82 52 71 45 49 65 103 76 104 86 105 73 104 
20 2 78 89 140 74 93 75 117 62 132 115 124 123 146 92 116 77 96 113 128 24 78 
21 4 116 101 101 127 162 42 90 78 123 7? 109 ?? 113 5? 115 83 115 82 97 78 128 
22 10 101 40 102 132 15 7 47 144 62 123 70 108 78 84 87 141 96 112 98 149 44 115 
23 3 111 51 117 123 149 65 114 37 85 63 135 84 114 57 132 107 124 107 138 65 111 

----------------------------------------------------------------------------------------~-----------------------------------------



Table No. 14 Number of flies sprayed using ~co alone and in combination with soaps. 

K : number of flies killed. T : number of fl'iea sprayed. 

HO Hl H2 H3 H4 -H5 H6 H7 H8 H9 HlO 
~ep. ~-·· T 

. 
T K- - T 

........ 
K T K T K T K T K T K T K T K K T --------- --- -- ----·- -- ---· ---· --- ---- ____ ..........____~--

1 6 116 7 123 18 124 36 133 48 113 60 101 83 116 18 82 87 13? 10 108 118 131 
2 3 72 6 81 76 82 9 79 16 81 16 64 53 114 14 122 25 78 9 82 39 81 
3 38 77 76 12 9 106 109 45 79 38 89 81 87 60 115 38 90 79 90 24 58 90 102 
4 16 146 30 87 143 154 60 143 94 148 86 112 78 91 22 95 89 98 44 144 97 139 
5 15 70 60 lOO 76 81 86 174 89 122 93 113 90 135 33 96 99 131 49 107 115 128 
6 6 79 21 57 47 ?5 25 70 37 73 31 83 49 71 7 65 47 87 5 42 44 73 
7 29 114 40 114 111 114 58 102 68 129 62 102 123 144 87 137 74 96 53 112 98 125 
8 17 85 40 89 96 104 44 56 61 79 80 106 112 151 11 84 74 134 27 111 71 127 
9 8 72 26 51 60 67 29 48 95 131 59 9? 55 68 19 82 111 136 26 64 59 ?2 

10 14 lOO 18 114 107 143 86 137 70 122 68 132 79 145 31 118 101 15 7 31 130 119 137 I 

11 13 106 23 83 74 87 24 73 18 48 20 60 48 85 15 91 45 76 19 108 25 53 Q) 

CO 
12 9 95 23 73 30 52 16 61 25 77 38 73 34 56 14 ?5 23 53 13 45 19 64 
13 38 106 40 109 123 128 41 105 69 110 ?3 97 102 136 62 112 89 115 51 126 83 119 
14 20 55 33 84 59 ?? 20 53 42 73 58 75 46 61 17 83 35 68 43 58 82 89 
15 13 91 45 96 41 82 53 119 63 131 53 72 53 68 37 88 55 82 18 72 51 86 
16 11 ll? 39 88 122 138 28 96 68 102 68 99 42 59 18 91 56 102 10 99 70 101 
17 15 124 16 82 95 118 26 82 93 128 73 125 51 103 30 115 55 99 16 83 80 90 
18 99 128 71 96 121 125 68 91 82 89 82 119 88 100 107 116 102 111 60 82 94 101 
19 14 93 18 89 89 98 31 113 79 126 48 117 65 11? 21 118 ?3 23 46 122 88 120 
20 ? 16 14 88 ?5 106 15 89 46 113 25 67 53 103 0 85 46 90 13 83 73 103 
21 13 94 28 95 32 72 8 64 45 75 17 90 6? 108 24 133 43 87 21 112 37 101 
22 2 156 119 118 49 83 29 120 28 88 39 112 52 83 13 73 44 94 19 9? 64 109 
23 13 106 10 129 108 163 10 113 25 98 23 131 20 13? 7 127 34 108 14 145 56 121 

----~~_..__. .. ._._ .. ._._ .. ._.__.~._ .. .__.~_._.._._~.--.-..--o~-. .. .--.._ .... _.~_..__._.._~ .. m......_~~ ._.._ ~---



Table No. 15 Number of flies sprayed using Nicofume alone and in combina.tion with soaps. 

K = number of flies killed. T : number of flies spr~ed. 

NfO Nf1 Nf2 Nf3 Nf4 Nf5 Nf6 Nf7 Nf8 Nf9 NflO 
Rep. !C T K T K T K T K T K T K T K T K T---. K •. T K T 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

68 132 
86 102 
92 110 

144 151 
130 134 

75 89 
78 101 
42 57 
75 87 
47 89 

101 110 
60 72 

101 110 
104 121 

59 83 
73 77 
73 114 
8? 104 
75 101 
20 80 
66 95 
32 75 

109 142 

196 202 135 
154 186 119 

89 93 89 
122 123 133 
134 140 92 

66 71 56 
110 110 92 

63 95 104 
88 92 92 

110 119 118 
98 102 132 
66 77 44 

134 146 120 
108 116 69 

90 106 90 
105 121 134 
106 120 92 
126 133 115 
101 139 71 

57 79 46 
111 119 96 

65 83 133 
101 128 101 

140 
147 

97 
136 

98 
57 
94 

105 
92 

125 
137 

55 
120 

75 
98 

137 
98 

118 
87 
81 
97 

152 
141 

125 129 
?1 86 

105 109 
99 110 
82 86 
76 84 
93 97 
78 82 
68 91 
19 25 
65 92 
54 64 
81 93 
82 92 

113 121 
124 130 

84 99 
72 74 

108 135 
90 106 
76 92 
88 125 
74 176 

136 
136 

85 
127 
102 

57 
91 
76 
45 
79 
71 
44 
95 
83 

101 
112 

53 
104 

85 
31 
78 
13 
69 

145 142 
149 92 

90 77 
153 112 
110 101 

83 70 
94 122 
77 81 
57 83 
98 24 

100 121 
54 50 

110 109 
86 56 

122 106 
123 93 

87 102 
113 101 
127 69 

98 95 
94 71 
60 86 

112 151 

171 
114 

77 
127 
143 

90 
126 

98 
87 
29 

131 
63 

112 
66 

113 
100 
111 
106 

76 
113 

76 
116 
168 

131 
89 
77 

124 
105 

73 
86 
89 
79 
92 

110 
58 
96 
65 
73 
88 
80 
93 
81 
99 
65 

137 
121 

153 
95 
78 

127 
113 

77 
86 
97 
79 

109 
111 

65 
108 

73 
75 

113 
89 
97 

113 
105 

71 
182 
147 

47 
91 
70 

131 
88 
72 
86 
75 
82 

118 
87 
57 

114 
91 
61 

lOO 
85 

119 
73 
81 
80 

116 
117 

50 
101 

70 
143 

98 
80 

102 
76 
85 

122 
116 
59 

120 
108 

81 
123 

96 
126 
104 

97 
110 
138 
130 

46 
140 

84 
77 
87 
54 
86 
92 
78 

130 
91 
55 

124 
81 
94 
81 

103 
117 

94 
126 

82 
58 

117 

46 
143 

86 
7? 
92 
57 
91 

102 
86 

134 
96 
61 

125 
88 
96 
96 

111 
118 
110 
1:37 

89 
76 

141 

74 
75 
86 

120 
92 
66 
95 
70 
68 
77 
89 
79 
95 
?3 

113 
lOO 
61 
98 
24 

109 
95 

103 
59 

76 
9? 
88 

126 
lOO 

70 
96 
90 
77 

106 
106 

90 
104 

76 
115 
103 

81 
102 

25 
115 
105 
115 
119 

40 45 
82 101 
95 99 

112 114 
113 115 

87 92 
87 91 

109 113 
85 92 
73 87 
96 101 
49 58 
99 102 
73 80 

104 105 
102 105 
103 109 

80 85 
88 105 
87 104 
69 94 

t',92 104 
80 121 

I 
()) 

c.o 
I 

..... .....----~------~~--.---~--~~--~~--------~,---------------------------------



Nicotine a 

Neot'ine 
Britnico 
Hyco 
Nicofume 

Nicotine a 

l~eotine 
Britnico 
Hyco 
Nicoft:tme 

Table No. 16 Replicate l. 

Kill expressed in per centage. 

- Soa.;es 
0 1 2 3 4 5 6 7 8 9 10 

40.0 51.2 88.5 36.3 ?0. 2 90.3 ?8.6 58.4 78.8 65.0 91.1 
4.6 61.1 88.4 62.9 85.0 63.5 94.6 83.9 93.4 82.3 68.4 
5.2 5.7 8.0 27.1 42.5 59.3 71.5 21.9 63.5 9.3 90.2 

51.5 97.2 96.5 97.0 93.8 83.2 85.7 94.0 100.0 97.4 89.0 

. ' . . . . . . . . . . 
Per cent kill expressed in Angles of Equal Information (Q) ••• (Bliss, Ref. No. 2) 

S Oans -~------ ~-- ----~--- ---~~~ - ~ ~:'__ __________ ~· --~------~~---------- -·~- -- -o--------r -z -;, --4~-----o 6 '7 s 9 ro 

39.23 
12.39 
13.18 
45.86 

45.69 
43.19 
13.81 
80.37 

70.18 
70.09 
16.43 
79.·22 

37.05 56.91 71.85 62.44 49.84 62.58 53.?3 ?2.64 
52.48 67.21 52.83 76.56 66.34 75.11 65.12 55.80 
31.37 40.69 50.36 57.73 27.90 52.83 17.76 71.76 
80.02 ?5.58 65.80 67.78 75.82 90.00 80.72 70.63 

----------.. ~-------.----~--~~._--~------~----~~--.---__ .. __________ _. ________________ ~----~----------~--~~--~ ... ·· .. .. . . ·~~-~--~---

I 
-.J 
0 
I 



Table No. 17 Replicate 2. 

Kill expressed in per centage. 

Nicotines _..§.?aps _,____ • _ , , . ------·----
0 1 2 3 4 5 6 7 8 9 10 --- ------------

Neotine 8.1 72.2 100.0 38.4 82.7 59.5 95.6 65.3 68.7 52.7 78.0 
Britnico 26.? 61.4 88.9 52.0 60.0 62.5 92.2 85.5 88.0 87.2 90.3 
Hyco 4.2 7.5 92.6 11.4 19.6 25.0 46.5 11.5 32.]. 10.9 48.2 
Nicofume 84.3 82.8 81.0 82.5 91.4 80.6 93.7 90.1 97.8 ?7.4 81.2 

- --- --

• • • • • • • • • • • • • • • • • • 
Per Cent Kill expressed in Angles of Equal Information (Q) • 

~otines - .. I SOft;pS -1 • I r 

Neotine 

Britnico 
Hyco 
Nicofume 

0 

16.54 

31.11 
11.83 
66.66 

1 

58.18 

51.59 
15.89 
65.50 

2 3 4 5 6 7 8 9 10 p • -- ... _a ____ ..........,___..... __ 

90.00 38.29 65.4~ 50.48 77.89 53.91 55.98 46.55 62.08 
70.54 46.15 50.77 52.24 73.78 67.62 69.73 69.04 71.86 
74.21 19.73 26.28 30.00 42.99 19.82 34.51 19.28 43.97 
64.16 65.2? ?2.95 63.8? 75.46 ?1.66 81.47 61.62 64.30 

----~-- ---------·-------------------------------------

I 
-..J 
...... 
I 



Table No. 18 Replicate, 3. 

Kill expressed in per centage. 

Nicotines SOal?.,S -
0 l 2 3 4 5 6 7 8 9 10 - - -------- ~ -- ~--~- --~----- --

Neotine 77.2 94.3 100.0 93.8 97.9 79.4 97.8 82.2 92.7 94.5 97.9 
Britnico 16.5 80.5 94.5 90.5 86.8 87.6 99.2 88.0 90.0 97.5 86.7 
Hyco 49.4 58.9 97.4 5 7.0 38.8 93.2 52.2 42.3 82.7 41.4 88.2 
Nicofume 83.6 95.8 91.? 96.4 94.5 100.0 98.8 100.0 97.7 97.8 96.0 

----------
• • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (9). 

1\iicotin~ Soaps . _ , _ . . _ 
0 l 2 3 4 5 6 7 8 9 10 

Neotine 61.48 76.19 90.00 75.58 81.67 63.01 81.47 65.05 74.32 76.44 81.67 
Britnico 23.97 63.79 76.44 72.05 68.70 69.38 84.87 69.73 71.56 80.90 68.61 
Hyco 44.66 50.13 80.72 49.02 38.53 74.88 46.26 40.57 65.42 40.05 69.91 
Nico:fume 66.11 ?8.17 ?3.26 79.06 ?6.44 90.00 83.71 90.00 81.28 81.47 78.46 

-------

I 
-..J 
l\:1 
I 



Nicotine a 

Neotine 
Britnico 
Hyco 
Nicofume 

Nicotine~ 

Neotine 
Britnico 
Hyco 
Nicofume 

Table ~o. 19 Replicate 4. 

Kill expressed in per centage. 

----- So.a;ps • • •. 
0 1 2 3 4 5 6 7 8 9 10 

' .......... __._........ .... ............ 

14.3 
13.4 
10.9 
95.4 

86.3 
91.0 
34.5 
91.1 

95.9 
97.0 
93.0 
9?.8 

68.9 
81.0 
42.0 
90.0 

76.1 
93.4 
63.5 
83.1 

91.0 
89.9 
76.7 
83.3 

100.0 
lOO. 0 
85.7 
97.7 

86.0 
63.1 
23.2 
91.8 

93.6 
98.3 
90.? 

100.0 

78.7 
87.9 
30.5 
95.3 

100.0 
100.0 
69.7 
98.3 

--------------~--------------~-------------·----~--~-------------------._.---·----~ .. ------------~----------------~-------------~-----
• • • • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (Q). 

~- ~ -----~ - SoaiJs_ --
0 1 2 3 4 5 6 7 8 9 10 ·-- .. - -

22.22 68.28 78.32 56.11 60.73 72.54 90.00 68.03 75.35 62.51 90.00 
21.47 72.54 80.02 64.16 75.11 71.4? 90.00 52.59 82';5]. 69.64 90.00 
19.28 35.9? 74.66 40.40 52.83 61.14 6 7. 78 28.?9 ?2.24 33.52 56.60 
??.61 72.64 81.47 ?1.56 65. ?3 65.88 81.28 73.46 90.00 77.48 82.51 

I 
-..1 
(.N 

I 



Table No. 20 Replicate 5. 

Kill expressed in per centa.ge. 

Nicotine s ---~P-.o...;;;.a .... P..-.!?~--------------~-_ ..... _____ 

Neotine 
Britnico 
~CO 
Nicofume 

Nicotine a -

Neotine 
Britnico 
Hyco 
Nicofume 

0 1 2 3 4 5 6 7 -·-------- ---- ----·---· 

21.7 
18.0 
21.2 
9?.1 

61.8 
94.? 
60.0 
95.8 

96.4 
97.0 
93.9 
93.9 

91.2 
79.8 
49.5 
95.4 

84.3 
98.4 
73 .o 
92.? 

?8.0 
89.5 
82.3 
70.7 

----------.. ------~--.. --~~----·------~~--~--------- =-= - = =-

• • • • • • • • • • • • • • • • • • 

89.9 96.6 
lOO. 0 93.3 

6 ?. ? 34.4 
93.0 89.? 

8 

94.8 
88.2 
75.6 
94.6 

Per Cent Kill expressed in Angles of Equal Information (Q). 

I 
Soaps .. 

T ,_ 

0 1 2 3 4 5 6 7 8 -
27.76 51.83 79.06 72.74 66.66 62.03 71.47 79.37 76 .82· 
25.10 76.69 80.02 63.29 82.73 71.09 90.00 75.00 69.91 
2?.42 50.7? 75. ?0 44.71 58.69 65.12 55.37 35.91 60.40 
80.19 78.17 75.70 77.61 74.32 5 7.23 74.66 71.28 76.56 

9 

88.0 
97.4 
45.8 
92.0 

9 ---
69.73 
80. ?2 
42.59 
73.5 7 

10 

93.? 
93.7 
90.0 
98.3 

10 

?5.46 
75.46 
71.56 
82.51 

I 
-.J 
~ 
I 



Ni_goti_n_e_s 

Neotine 
Britnico 
Hyco 
Ni eo :fume 

Nicotine a __ ........,.__.... 

Neotine 
Britnico 
Hyco 
Nico:fume 

Table No. 21 Replicate 6. 

Kill expressed in per centage. 

- -- ..... ~- -- - - -~ - - s:o~.ps -
0 1 2 3 4 5 6 7 8 9 10 -

64.6 87.2 94.0 71.7 84.8 82.8 82.7 89.9 81.1 85~6 90.3 
8.9 78.0 90.3 69.4 47.4 85.3 84.5 88.9 89.7 91.5 87.4 

76.0 37 .o 62.7 35.7 50.6 37.4 69.0 10. 7, 54.1 11.9 60.3 
84.3 92.9 98.3 90.5 63. '1 77.7 94.7 90.0 94.7 94.3 94.6 

• • • • • • • • • • • • • • • • • • 
Per Cent Kill expressed in Angles of Equal Information (Q). 

. , Soaps __ ... ·-·-----
0 1 2 3 4 5 6 7 8 9 10 

53.49 69.04 75.82 57.86 
17.36 62.03 71.85 56.42 
60.67 37.4? 52.36 36.69 
66.66 74.55 82.51 72.05 

6 ?.05 
43.61 
45.34 
52~ 95 

- - ..... 
65.50 65.42 
67.45 66.81 

7.70 56.17 
61.82 76~69 

71.47 64.23 67.70 71.85 
70.54 71.47 73.05 69.21 
19.09 47.35 20.18 50.94 
76.19 76.69 71.56 76.56 

... ------~-------~-~-~-~---

I 
....:1 
01 
I 



Nicotine a 

0 

Neotine 45.8 
Britnico 3.9 
Hyco 25.2 
Nicofume 77.2 

Nicotine a 

0 

Neotine 42.59 
Britnico 11.39 
eyco 30.13 
Nicofume 61.48 

Table No. 22 Replicate 7. 

Kill expressed in per centage. 

-- Soaps -----........ -
l 2 3 4 5 6 7 8 9 10 --~------~ . -- ~-------- ---------~-........____-~--- -

91.5 97.1 79.5 94.4 95.1 99.1 90.1 99.2 97.6 99.1 
76.5 98.4 79.3 97.5 99.0 95.7 94.9 96.3 86.2 92.1 
35.1 96.5 56.7 52.8 60.7 85.5 64.3 77.9 47.4 78.4 

100.0 97.8 95.8 96.8 96.9 100.0 84.3 94.6 99.0 95.6 

• • • • • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (9). 

- - - - -- _j)_()jaj)_S- - - -

1 2 3 4 5 6 7 8 9 10 

73.05 80.19 63.08 76.31 77.21 84.56 71.66 84. 87" 81.09 84.56 
61.00 82. ?3 62.94 80.90 84.26 78.03 76.95 78.91 68.19 73.68 
36.33 79.22 48.85 46.61 51.18 67.62 53.31 61.96 43.51 62.31 
90.00 81.47 78.17 79.69 79.86 90.00 66.66 76.56 84(t26 77.89 

---------

I 
-.J m 
I 



Nicotine a 

Neotine 
Britnico 
Hyco 
Nicofume 

Nicotine a 

Neotine 
Britnico 
Hyco 
Nicofume 

Table No. 23 Replicate 8. 

Kill expressed in per centage. 

------·-------·.. So~~·-----·------·---------
0 l 2 3 4 5 6 7 8 9 10 --.-~--- - ------ ----~-- -- --- ~ ~-- ~------

73.4 89.8 86.0 76.2 92.4 88.8 96.7 75.9 95.6 40.0 96.2 
8.8 93.5 98.4 80.5 88.7 89.5 95.0 63.8 96.7 90 .l 77.3 

20.0 45.0 92.3 78.6 77.3 75.5 80.8 13.1 55.2 24.3 55.9 
73. '1 67.3 99.2 95.2 9?.4 82.? 91.7 98.7 90 2'" . . .... 77.9 96.5 

.__._.._._ .. _.~_.._.__. __ ._._w._..__._.._..,---
---..-_..__.._._._._._~~~--.-.--._. .. _._.._ __ _.~ ........ 

• • • • • • • • • • • 
Per Cent Kill expressed in Angles of Equal Information (Q). 

---~- _ . S,oa;ps 
0 1 2 3 4 5 6 

58.95 
17.26 
26.56 
59.15 

71.3 7 
75.23 
43.13 
55.12 

68.03 60.80 
82.73 63. 79 
73.89 25.55 
84.87 77.34 

74.00 
70.36 
61.55 
80.72 

70.45 
71.09 
60.33 
6.5 .42 

79.53 
77.08 
64.01 
73.26 

--------~.--..-.-www-._.__..__. ...... 

7 8 9 10 ---
60.60 
53.01 
21.22 
83.45 

7?.89 
?9.53 
47.98 
?1.76 

39.23 
72.54 
29.53 
61.96 

78.76 
61.55 
48.39 
79.22 

::t -----------

I 
-..1 
.....:1 
I 



Nicotine a 

l~eotine 
Britnico 
Hyco 
Nicofume 

Nicotine a 

Neotine 
Britnico 
Hyco 
Nicofume 

Table No. 24 Replicate 9. 

Kill expressed in per centage. 

- I - . Soap.s __ --0 1 2 3 4 5 6 7 8 9 10 - ~~-- --- - -------------
------~~~~---~- --~-

23.1 80.6 96.9 82.6 94.7 94.0 92.3 41.5 100.0 81.2 88.4 
32.0 90.0 98.4 83.6 92.4 89.3 97.7 92.3 96.7 88.3 69.5 
11.1 51.0 91.0 60.5 72.5 60.8 80.9 23.2 81.8 40.7 82.0 
86.3 95.6 100.0 74.7 79.0 95.4 100.0 96.5 90.? 88.4 92.4 

------ ---- - -- -·- --- ----------~~~--------~-

••••••••••••••• 

Per: Cent Kill expressed in Angles of Equal Information (Q). 

I 
Soaps . -· 0 1 2 3 4 5 6 '1 8 9 10 --- ~--------~------~-- ----~ -- ----------

29.13 63.87 ?9.86 65.35 76.69 75.82 73.89 40.11 90.00 64.30 70.09 34.45 71.56 82.73 66.11 74.00 70.91 81.28 73.89 79.53 70.00 56.48 19.46 45.5 7 72.54 51.06 58.37 51.24 64.08 28.?9 64.75 39.64 64.90 68.28 77.89 90.00 59.80 62. ?2 77.61 90.00 ?9.22 ?2.24 70.09 74.00 

--------------------------------------------- ~---------~--- ---- --

I 
-.J 
(X) 
I 



Nicotine a - -
Neotine 
Britnico 
Hyco 
Nicofume 

Nicotines 

l'J.eotine 
Britnico 
Hyco 
Nicofume 

Table No. 25 Replicate 10. 

Kill expressed in per centage. 

Soaps_ 
0 1 2 3 4 5 6 7 8 9 10 

•---- -· .. , 

63.1 91.7 93.5 90.1 56.6 77.9 90.2 82.1 94.5 81.2 95.2 
17.6 67.5 96.0 ?7.0 ?4.3 95.2 86.5 55.6 95.3 94.? 77.5 
14.0 15.8 75 .o 62.6 5 '1. 4 51.5 54.5 26.2 64.4 23.8 87.0 
52.8 92.5 94.5 71.1 80.6 96.3 84.3 96.7 92.2 72.6 84.0 

• • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (Q). 

---------------------------
~gaps , . 

0 1 2 3 4 5 6 7 8 9 10 ---

52.59 
24.80 
21.97 
46.61 

73.26 
55.24 
23.42 
74.11 

-
75.23 71.66 
78.46 61.34 
60.00 52.30 
?6. 44 57.48 

-

48.?9 61.96 
59.54 77.34 
49.26 45.86 
63.87 78.91 

71.76 65.05 76.44 64.30 77.34 
64.52 48.22 7?.48 ?6.69 61.68 
47.58 30.79 53.3? 29.20 68.8? 
66.66 79.53 73. 78 58.44 66.42 

I 
-..:2 
~ 
I 



Nicotine a 

Neotine 
Britnico 
Jtrco 
Nicofume 

Nicotine a 

Neotine 
Britnico 
Hyco 
Nicofume 

0 

19.1 
1.1 

12.3 
91.9 

1 

58.4 
85.9 
27.? 
96.1 

2 

87.7 
98.7 
85.1 
96.4 

Table No. 26 Replicate 11. 

Kill expressed in per centage. 

.. Soaps 
3 4 5 6 7 8 9 10 

70.5 
69.4 
32.9 
70.7 

86.8 
92.5 
37.5 
71.0 

91.8 
88.6 
33.3 
92.4 

89.8 
95.3 
56.5 
99.2 

·--- ---- - -- - - ---- - --- _...__ ___ ~--~--~- -- ----

56.5 
75.5 
16.5 
75 .o 

96 .a 
92.7 
59.4 
94.7 

80.9 
79.8 
1?.6 
84.0 

90.3 
74.7 
47.2 
95.1 

------------------------------~--------------------------------------------------------------------------------------------
• • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (Q). 

Soa_l)_s __ -~-- ------~ ----~----- --·~-- ~- - -- ~ -- --

0 1 2 3 4 5 6 7 8 9 10 
-

25.92 49.84 69.47 5 7.10 68.'70 73.36 ?1.37 48.73 76.69 64.08 71.85 
6.02 67.94 83.45 56.42 74.11 70.27 77.48 60.33 74.32 63.29 59.80 

20.53 31.76 67.29 35.00 37. ?6 35.24 48.73 23.79 50.42 24.80 43.39 
?3.46 ?8. 61 79.06 5 ?.23 57.42 74.00 84.8? 60.00 76.69 66.42 ??.21 

-' 

I 
ro 
0 

' 



l'J'i cot ine s 

Neotine 
Britnioo 
Hyco 
Nicofume 

Niootines 

Neotine 
Britnico 
:By eo 
l~icofume 

Table ~o. 2? Replicate 12. 

Kill expressed in per centage. 

... . Soaps, .. 
~ 1 2 3 4 5 6 7 8 9 __ 10_ 

24.2 
11.4 
9.4 

83.4 

84.0 
?0.5 
31.6 
85.? 

81.9 
?1.0 
57.7 
80.0 

71.0 
61.7 
26.2 
84.4 

73.9 
85.4 
32.4 
81.5 

?8.5 
?6.0 
52.8 
79.4 

• • • • • • • • • • • • • • • 

76.8 
77.0 
60.7 
89.3 

82.2 
56.8 
18.7 
96.6 

81.3 
71.5 
43.4 
90.3 

26.8 
86.5 
28.9 
8?.8 

Per Cent Kill expressed in Angles of Equal Information (Q). 

So~a 
-----------~- ------ ~-- -

0 1 2 3 4 5 6 7 8 9 ---~ ----·-------- -
29.47 66.42 64.82 5?. 42 59.28 62.37 61.21 65.05 64.38 31.18 
19.73 5 7.10 57.42 51.?7 67.54 60.67 61.34 48.91 5 '1. 73 68.44 17.85 34.20 49.43 30.79 34.70 46.61 51.18 25.62 41.21 32.52 65.96 6 ?. 78 63.44 66.74 64.52 63.01 70.91 79.37 71.85 69.56 

- - -

88.0 
66.7 
29.7 
84.6 

10 

69.73 
74.76 
33.02 
66.81 

I 
(X) 
...... 
I 



Table No. 28 Replicate 13. 

Kill expressed in per centage. 

Nicotine a _ _ . __ .... .S_oap s . _. . ... __ 
8 9 10 -_Q_ ____ ~l~ __ --2 ____ ~3~ ____ 4 _______ 5 ____ ~6 ____ ~7----~------~ 

Neotine 29.2 86.0 81.1 88.9 95.3 94.8 89.9 68.8 95.8 90.8 84.3 
Britnico 19.? 74.5 96.2 69.6 88.0 80.6 79.7 94.7 90.4 89.0 93.0 
eyco 35.9 3 7. 0 96.1 39.0 62.? ?5.4 70.2 55.4 77.4 40.5 69.7 
Nicofume 91.0 91.2 100.0 87.2 86.3 97.4 88.7 95.3 99.3 91.4 9?.1 

I ·--- ----------------------- ~---- ----------- ~-------
()) 
~ 
I • • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (Q). 
Nicotine a Soaps • I • 

0 1 2 3 4 5 6 7 8 9 ... -- J_O ~-- --·------------------~--. - ........-.--· --- - --- - --- ----- -

Neotine 32.?1 68.03 64.23 70.54 77.48 76.82 71.4? 56.04 ?8.1? 72.34 66.66 
Britnico 26.35 59.6? 78.76 56.54 69.73 63.87 63.22 76.69 71.95 70.63 74.66 Hyco 36.81 37.47 78.61 38.65 52.36 60.27 56.91 48.10 61.62 39.52 56.60 Nicofume 72.54 72. ?4 90.00 69.04 68.28 80. ?2 70.36 77.48 85.20 72.95 80.19 

-~.-



Table l~o. 29. Replicate 14. 

Kill expressed in per centage • 

.Nicotines Soa;p_~t. ____ -· 
0 1 2 3 4 5 6 7 8 9 10 -

Neotine 22.3 85.1 96.6 95.1 62.8 67.4 95.3 66.6 94.5 80.3 81.6 
Bri tnico 10.7 72.3 96.0 86.0 80.5 89.5 88.4 ?2.5 90.0 9?.0 71.2 
Hyco 36.4 39.3 ?6.6 3?. 8 5 ?.5 7?.4 75.5 20.4 51.4 74.2 92.2 
Nicofume 86.0 93.3 92.0 89.2 96.5 84.7 89.1 84.3 92.1 96.0 91.3 

I 
o:> 
CJ3 
I 

••• t ••••••••• ' • 

Per Cent Kill expressed in Angles of Equal Information (Q). 

Nicotines Soa.;ps ---· -
0 1 2 3 4 5 6 7 8 9 10 

N·eotine 28.18 6?.29 79.37 77.21 52.42 55.18 77.48 54.70 76.44 63.65 64.60 
Britnico 19.09 58.24 78.46 68.03 63.79 71.09 70.09 58.37 71.56 80.02 57.48 
Hyco 37.11 38.82 61.07 37.94 49.31 61.62 60.33 26.85 45.80 59.47 73.78 
Hicofume 68.03 75 .oo 73.5 7 70.81 ?9.22 66.97 ?0. 72 66.66 ?3.68 78.46 7~~. 84 

--- ·-~---
-~ 



Table No. 30 Replicate 15. 

Kill expressed in per cent~ge 

Nicotine a Soa;ps - . 
1 -· 

0 1 2 3 4 5 6 7 8 9 10 
-~~· 

Neotine 66.6 94.8 94.9 90.0 57.4 86.7 94.4 78.1 90.7 77.7 93.2 
Britnico 16.5 85.0 100.0 85.4 73.4 92.0 96.1 71.9 97.8 9?. 9 84.8 
Hyoo 14.3 46.9 50.0 44.5 48.0 73.6 78.0 42.1 67.1 14.5 59.4 
Nicofume 71.1 84.8 91.8 93.4 82.9 93.8 97.4 75.4 97.9 92.0 99.1 

I 
CO 
.~ 
I ••••••••••••••• 

Per Cent Kill expressed in Angles of Euqal Information (Q). 
Nicotine a .soaps. -- - . - • . -0 l 2 3 4 5 6 7 8 9 10 - -
N·eotine 54.70 76.82 76.95 71.56 49.26 68.61 76.31 62.10 72.24 61.82 74.88 
Britnico 23.56 67.21 90.00 67.54 58.95 73.5 7 78.61 57.99 81.47 81.67 67.05 
By eo 22.22 43.22 45.00 41.84 43.85 59.08 62.03 40.46 55.00 22.38 50.42 Nicofume 57.48 6 7. 05 73.36 75.11 65.57 75.58 80.72 60.27 81.6 7 73.57 84.56 

----------·---------------------------------------.. --------~----------~------.-.-------------------------------



Table No. 31 Replicate 16. 

Kill expressed in per centage. 

Nicotine a Soaps a - a r • 

0 1 2 3 4 5 6 7 8 9 10 

Neotine 48.3 ?8.2 89.4 68.3 89.4 ?5.3 97.8 83.2 96.1 81.3 80.4 
Britnico 13.5 88.9 90.5 68.0 88.8 84.6 98.5 79.1 90.6 91.7 91.2 
:Etroo 9.4 44.4 88.4 29.2 66.6 68.7 71.3 19.8 54.9 10.1 69.3 
Nicofume 94.7 86.8 97.9 95.4 91.2. 93 .o ?7.4 81.4 84.3 97.1 9 ?.2 I 

CO 
01 - ..... I 

• • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (9). 

Nicotines Soa:Es . • 
_Q_ ____ ~]._- - ·---~ 3 4 5 6 7 8 9 10 

--------- ~---------- -
Neotine 44.03 62.17 71.00 55.73 71.00 60.20 81.47 65.80 ?8.61 64.38 63.72 
Britnico 21.56 ?0.54 72.05 55.55 ?0.45 66.89 82.96 62.80 72.15 ?3.26 ?2. 74 
Hyco 17.85 41.78 ?0.09 32.71 54.70 55.98 5 ?.61 26.42 36.21 18.53 56.35 
Nicofume ?6 .69 68.70 81.67 77.61 72.74 74.66 61.62 64.45 66.66 80.19 80.37 

--··----------· ---- ----~---- ------- ---------------·· --·---- ------- ---- -_....._ 



Table No. 32 Replicate 17. 

Kill expressed in per centage. 

Niootinea Soaps 
0 1 2 3 4 5 6 7 8 9 10 

Neotine 30.9 75.6 97.6 90.3 55.6 61.4 83.8 83.7 92.4 88.4 78.7 
Britnioo 23.3 84.1 94.4 84.7 76.0 93.0 86.8 90.6 97.5 85.6 85.0 eyco 12.1 19.6 80.5 31.7 72.6 58.9 49.5 26.1 55.7 14.0 88.9 

I Nicofume 64.0 83.4 93.7 84.4 60.9 92.7 89.9 88.4 93.7 75.3 94.5 o:> 
()) 

I 

• • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (9). 

Nicotine a Soaps - • -0 1 2 3 4 5 6 7 8 ·9 10 

Neotine 33.77 60.40 81.09 71.85 48.22 51.59 66.27 66.19 74.00 70.09 62.51 Britnico 28.86 66.50 76.31 66.97 60.67 74.66 68.70 72.15 80.90 67.70 67.21 eyco 20.36 26.28 63.79 34.27 58.44 50.13 44.71 30.72 48.27 21.97 ?0.54 Nicofume 53.13 65.96 75.46 66.74 51.30 74.32 71.47 70.09 75.46 60.20 76.44 
- -



Table No. 33 Replicate 18 • 
. . 

Kill expressed in per centage. 

Nicotines Soaps -
0 1 2 3 4 5 6 '1 8 9 10 '--

Neotine ?8.6 94.5 88.2 ?3 .5 86.4 80.9 91.8 89.2 95.2 93.4 97.0 
Britnico 31.9 97.2 91.7 84.9 77.5 88.0 99.0 84.2 92.8 91.9 89.4 
EYco 77.3 ?4.0 96.8 74.7 92.2 68.9 88.0 92.4 92.0 73.2 93.1 
Nicofume 83.7 94.8 97.6 92.3 92.2 95.4 95.7 94.4 99.3 96.1 94.2 

- I 
CO 

• I I t • t I t I I • I e I I -'l 
I 

Per Cent Kill expressed in Angles of Equal Information (Q). 

Niootines __ Soaps --
0 1 2 3 4 5 6 7 8 9 10 -

Neotine 62.44 ?6 .44 69.91 59.02 68.36 64.08 ?3.36 70.81 77.34 75.11 80.02 
Britnico 34.39 80.37 ?3.26 6?.13 61.68 69.73 84.26 66.58 77.44 73.46 71.00 
Hyco 61.55 59.34 79.69 59.80 73.78 56.11 69.73 74.00 73.5 7 58.82 74.77 
Nicofume 66.19 76.82 81.09 73.89 73.78 77.61 78.03 76.31 85.20 78.61 76.06 

---



Table No. 34 Replicate 19. 

Kill expressed in per centage. 

Nicotine a - ____ ~~~-~-PQ1lP~. _ ---~-----

0 l 2 3 4 5 6 7 8 9 10 -
Neotine 62.1 61.9 90.5 35.2 62.1 62.8 62.7 68.5 85.7 84.7 80.0 
Britnico 45.5 64.1 95.3 37.5 73.:3 73.4 92.0 63.2 73.1 81.9 70.2 
Hyco 15 .o 20.3 90.7 27.4 62.7 41.0 55.6 17.8 59.4 37.7 73.2 
Nicofume 74.2 ?2. 7 81.6 80.0 66.8 90.7 ?1.7 70.2 80.8 96.0 83.8 

I - - CD 
CO 
I • • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (G). 

Nicotine a Sqaps 
• - I ·-0 1 2 3 4 5 6 7 8 9 10 -

Neotine 52.00 51.88 72.05 36.39 52.00 52.42 52.36 55.86 67.?8 66.97 63.44 
Britnico 42.42 43.19 77.48 37.76 58.89 58.95 73.57 52.65 58.76 64.82 56.91 
Hyco 22.79 26.78 72.24 31.56 52.36 39.82 48.22 24.95 50.42 37.88 58.82 
Nicofume 59.47 58.50 64.60 63.44 54.82 72.24 57.86 56.91 64.01 78.46 66.27 

--------- -- -- ----- - -- -- ---- ----- - --



Table No. 35 Replicate 20. 

Kill expressed in per centage. 

Nicotine a Soa;es 

0 1 2 3 4 5 6 7 8 9 10 

Neotine 9.2 66.3 89.6 42.9 76.7 61.3 86.4 ?8.5 93.5 84.5 ?8.3 
Britnico 2.5 63.6 79.5 64.1 4?.0 92.9 84.2 ?9.3 80.3 88.4 30.8 
Hyco 6.0 16.0 70.7 16.8 40.7 37.4 51.4 0 51.1 15.7 ?0.8 
Nicofume 25.0 ?2.2 56.8 84.9 31.6 84.1 94.3 83.5 92.0 94.8 83.7 

- -
I 

• • • • • • • • • • • • • • • ()) 
(.0 

Per Cent Kill expressed in Angles of Equal Information (9). 
I 

Nicotine a 
1 

Soaps 
a • 

0 1 2 3 4 5 6 7 8 9 10 -
Neotine 17.66 54.51 71.19 40.92 61.14 51.53 67.54 62.3? 75.23 66.31 62.24 
Britnico 9.10 52.89 63.08 43.19 43.28 74.55 66.58 62.94 63.65 70.09 33. ?1 
Hyco 14.18 23.58 57.23 24.20 39.64 37.70 45.80 0 45.63 23.34 5 7.29 
Nicofume 30.00 58.18 48.91 6?.13 34.20 66.50 76.19 66.03 73.5 7 76.82 66.19 

-- - -



Table No. 36 Replicate 21. 

Kill expressed in per centage. 

Nicotines Soaps ----- -------- -- -- ----- -- -

0 1 2 3 4 5 6 7 8 9 10 -
Neotine 26.6 61.8 92.8 41.? 48.9 58.0 85.9 56.8 85.9 83.6 94.4 

Britnico 3.4 lOO. 0 78.5 46.7 63.4 ?0.7 68.2 49.6 ?2.2 84.5 60.8 

Hyco 13.8 29.5 44.5 12.5 60.0 18.9 62.1 18.1 49.4 18.7 36.7 

:Nicofume 69.5 93.4 99.0 81.5 83.0 93.4 91.5 ?2. 7 92.3 90.5 73.5 

• • • • • • • • • • • • • • • I 
(!) 

Per Cent Kill expressed in Angles of Equal Information (Q). 0 
I 

Nicotines . Soa.;es 

0 1 2 3 4 5 6 7 8 9 10 

Heotine 31.05 51.83 ?4.44 40.22 44.37 49.60 67.94 48.91 6?. 94 66.11 76.31 
Britnico 10.31 90.00 62.37 43.11 52.77 5 ?.23 55.67 44.77 58.18 66.81 51.24 
eyco 21.81 32.90 41.84 20.70 50.77 25.77 52.00 25.18 44.66 25.62 37.29 
Nicofume 56.48 75.11 84.26 64.52 65.65 75.11 73.05 58.50 73.89 72.05 59.02 

..,........... ...... ...-. ..... ..._ 



Table 1:-Jo. 37 Replicate 22. 

Kill expressed in per centage. 

Niootines Soa;es - . 
0 1 2 3 4 5 6 7 8 9 10 

Neotine 17.6 69.5 75.3 58.9 43.1 29.1 94.9 ?8.9 97.3 55.9 88.4 

Britnioo 9.9 39.2 84.2 32.6 50.4 64.7 92.9 61. 7 85.6 65.? 38.2 

Hyoo 1.3 16.1 59.0 24.2 32.6 34.8 62.? 17.8 46.8 19.6 58.7 

Nioofume 42.6 78.4 87.6 70.4 21.7 74.1 75.3 84.2 76.4 89.6 88.5 

• • • • • • • • • • • • • • • 

Per Cent Kill expressed in Angles of Equal Information (Q). 

Niootines . , Soaps .. 

0 1 2 3 4 5 6 7 8 9 10 

Neotine 24.80 56.48 60.20 50.13 41.3 32.65 ?6.95 62.65 80.54 48.39 70.9 

Britnico 18.34 38.76 66.58 34.82 45.23 53.55 74.55 51.71 6?. 70 54.15 38.17 

Hyoo 6.55 23.66 50.18 29.47 34.82 36.15 52.36 24.95 43.17 26.28 50.01 

Nioofume 40.74 62.31 69.38 5 7.04 27.76 59.41 60.20 66.58 60.94 71.19 70.18 

-

I 
tO ..... 
I 



Table No. 38 Replicate 23. 

Kill expressed in per centage. 

Nicotine a Soa;ea -
0 1 2 3 4 5 6 7 8 9 10 ------- -

l~eotine 6.4 32.7 83.1 23.4 46. 9 50.5 89.7 45.9 70.9 55.3 83.2 
Britnico 2.7 43.5 82.5 56.9 43.5 46.6 73.6 43.2 86.4 77.6 58.5 
Hyco 12.3 7.8 66.4 8.8 25.6 17.5 14.6 5.5 31.4 9.7 46.3 
Ni eo fu.me 76.7 ?1.7 71.7 4~.0 61.6 89.9 82.4 90.1 83.0 49.6 66.1 

I 
• • • • • • • • • • • • • • • \0 

l\:) 

Per Cent Kill expressed in Angles of Equal Information (Q). 
I 

Nicotines Soa~s - - -
0 1 2 3 4 5 6 7 8 9 10 -

Neotine 14.65 34.88 65.73 28.93 43.22 45.29 ?1.28 42.65 57.35 48.04 65.80 
Britnico 9.46 41.27 65.27 48.97 41.27 43.05 59.08 41.09 68.36 61.75 49.89 
Hyoo 20.35 16.22 54.57 17.26 30.40 24.73 22.46 13.56 34.08 18.15 42.88 
Nicofume 61.14 5?.86 5 ?.86 40.40 51. ?l ?1.47 65.20 71.66 65.65 44.77 54.39 
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Table No. 39. Variation DUe to Nicotines. 

Sum of the Angles of Equal Information for each nicotine for 
the entire series. 

l'Jeot ine 

Britnico 

Izy- eo 

Nicofume 

TOTAL 

Total sum of squares 

15957.48 

15 75 7.14 

11008.90 

17875.36 

60598.88 

943,653,003.2? 
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Table No. 40 Variation Due to Soaps. 

Sum of the Angles of Equal Information for each soap for 
twenty-three replications. 

Soap Neotine Britnico tlyco N~cofume TOTAL 

0 855.36 488.90 595.30 1419.92 3359.48 

1 142?. 75 1426.54 788.50 1621.14 5263.93 

2 170? .14 1?20.10 1450.76 1 ?31. 76 6609. ?6 

3 1315.54 1306.53 833.8? 1568.06 5024.00 

4 1410.71 1441.19 1091.04 14?1.94 5414.88 

5 1414.55 1526.14 1087.02 1638.00 5665.71 

6 16?3. 44 1699.04 1241.66 1700.70 6314.84 

7 1386.95 1410.87 690.97 1636.95 5125.74 

8 1685.19 1656.91 1190.8? 1744.81 627?. 78 

9 1424.55 1621.98 724.54 1649.05 5420.12 

10 1656.30 1458.94 1314.3? 1683.03 6112.64 

TOTAL 60,598.88 

SUM OF SQ,U.ARES OF TOTALS 341,648' 768.47 



Table No. 41 Variation Due to Interaction of Soap and Nicotine. 

Sum of the Angles of Equal Information for each corresponding nicotine and soap 
for twenty-three replications. 

Nicotine a Soaps 
I 

0 1 2 3 4 5 -
Neotine 855.36 1427. 75 1707.14 1315.54 1410. 71 1414.55 
Britnico 488.90 1426.54 1720.10 1306.53 1441.19 1526.14 
Hyco 595.30 788.50 1450. 76 833.87 1091.04 1087.02 
Nicofume 1419.92 1621.14 1731.76 1568.06 1471.94 1638.00 

----------------------~--~--~~~--------... ~--------------------------------------

SoaEs {continued~ io ~--- -6 7 8 9 Total -
Neotine 1673.44 1386.95 1685.19 1424.55 1656.30 15 t 95 7. 48 
Britnico 1699.04 1410.87 1656.91 1621.98 1458.94 15 t 75 7.14 
Hyco 1241.6 7 690.97 1190.87 724.54 1314.37 11,008.90 
Nicofume 1700.70 1636.95 1744.81 1649.05 1683.03 17,875.36 

'-
TOTAL 60,598.88 

TOTAL SUM OF SQUARES 88,428,658.55 

I 
\0 
en 
I 
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Table No. 42 Sum of Squares for each Variant. 

S(x)G - (S(x) ) 2 

n 

Total Sum of Squares : 3,963,314.03 - (60,598.88) 2 
1012 

l;i cotines 

Soaps 

= 3 3 4 ' 831. 5 7 

e I t e e t • I e t e t t t e t 

S(items)
2 

(no. of values composing 
each item) 

- (S(x)) 2 

n 

: 943,65~,003.2? - 3,672,024,257.25 
253 1012 

= 101,371.24 

= 341,648,?68.4?- 3,6?2,024,?57.25 
92 1012 

= 85 '145. 04 

Interaction of Soaps 
and Nicotines e.88,428,658.55 - 3,672,024,25?.25 

23 1012 

= 29,?25.54 

• • • • • • • • • • • • • • • • • • • • • • • • • • • 



Table No. 43 Analysis for Variance. 

Source of Degrees of--Sum of · Varie.nce or standard· - iLog Mean z-v·arue z" value for 
Variation Freed .. om· Squares Mean Sg_uare . pevie.tion_ _ _Square 5%=i?:t. :1% P.!· 

Nicotine a 

Soaps 

Interaction 
of Soap and 
Nicotine 

Remainder 

Total 

3 

10 

30 

968 

lOll 

101,3?1.24 

85,145.04 

29 '725 .54 

118,589. 75 

334,831.5? 

33,790.41 

8,514.50 

990.85 

122.51 

331.19 

11.0? 

5. 2140 

4.5248 

3.4.493 

2.4041 

2. 9014 

2.8099 .478? .6651 

2.1207 .305 .4256 

1.0452 0 0 

• tO 
.....,J 
I 



Table No. 44 

Soap l~o. 

2 

8 

6 

10 

-98-

Average Kill for each Soap, Expressed in 
Angles of Equal Information (9). 

Soap Average Kill 

0.5% Sodium Fish Oil ?0.02 

0.5% Potassium Oleate 6?. 78 

0.5% Sodium Oleate 67.28 

0.5% Tr i et l'..ano lamine Oleate 65.25 
------~------------------------------~---~---------~--5 0.25% Sodiurr: 01 eat e 61.21 

9 0.25% Tr i et :b..anolamine Olee.te 58.15 

4 0.5% Potassium Fish Oil 58.04 

1 0.25% Sodium ]'ish Oil 56.73 

7 0.25% Potassium Oleate 55.55 

3 0.25% Potassium Fish Oil 54.47 
------~--~~-~--~-----------~----~----~~---~-~~-~--~---

0 None 36.51 

Standard Deviation of one observc:"tion - 11. 0? -
Standard Deviation of a mean of 92 observations - 1.154 -
Standard Deviation of a difference : 1.€3 

Difference required for significance (P : .05) = 3.19 

• • • • • • • • • • • • • • • • • • 
There is no significant difference among the first four 

soaps, nor is there a significant difference among the 

last six. The first four soaps, however, Nos. 2, 8, 6 

and 10 are all significantly better than the remainder. 
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Table No. 45. Average Kill for each Nicotine, Expressed in 
Angles of Equal Information (9). 

Nicotine Average Kill 

Nicofume 69.12 

Neotine 62.28 

Britnico 61.39 

~eo 43.98 

Standard Deviation of one observation - 11.07 -
Standard Deviation of a mean of 253 observations - 0.7 -
Standard Deviation of a difference : 0.99 

Difference required for significance (P: .05) - 1.94 -
• • • • • • • • • • • • • • • • • • • • • • • • 

There is a significant difference between Nicofume and 

Neotine, and between Britnico and ~eo, but none between 

Neotine and Britnico. 

• • • • • • • • • • • • • • • • • • • • • • • • • 
Taking the experiment as a whole, the analysis of 

variance shows that the difference in nicotines is significant 

and the difference in soaps is significant. 



Nicotine a -
Neotine 
Britnico 
Hyco 
l~icofume 

Nicotine a 

Neotine 
Britnico 
Hyco 
l~icofume 

l'Ji eo tines 

Neotine 
Britnico 
By eo 
Nicofume 

0 

5.84 
6.18 
4.66 
9 -
-~ 

Table No. 46 

. • 
1 2 

6.91 7.06 
6. 94 7.37 
5.96 6.?7 
9 - 9 -

P~sical Properties of Solutions Tested. 

pH Value 

Soaps 
3 4 5 6 7 8 -

6.91 7.56 6.69 7.28 7.11 7.20 
7.03 7.?0 6.91 7.37 7.28 7.49 
6. 72 7.03 6.55 6. ?2 6.52 7.03 
9 - 9 - 8.97 8.80 9 - 9 -

~-~---- - ---------------- -~--------- ---------~--------------~-- .. ---

• • • • • • • • • • • • • • 

Surface Tension (dynes/cc.) 

9 10 Mean. 

6.60 6.89 6.91 
7.03 7.28 7.14 
6.35 6.52 6.44 
8.?8 8.55 8.92 

__ _ Soaps -------------------------
0 1 2 3 4 5 6 7 8 9 10 Mean 

60.16 35.26 
51.?0 32.43 
56.41 34.87 
38.07 36.66 

33.84 
32.90 
32.90 
36.19 

-- -~---------- --

36.28 
34.31 
35. ?3 
34.95 

----~~~--~.w._ .. _..w .... ~--~----~~._ ........ , ........ ~,----------------~--~~~----~----,._ .............. .---"-----~--------~--.. ----..... ._..-~ ...... 

0 

6.25 
6.87 
7.33 
4. 75 

• • • • • • • • • • • • • • • 

cc. to "Run Off" Point. 

_ . Soal)S 
1 2 

3.25 2.50 
2.37 2.1? 
3.17 3.00 
3.30 3.00 

3 ---~ ---~--~~_Q_- 6 --~1__-- - ~ §_ - -~ ~ - 9 

4. 66 
3.25 
4.41 
3. 75 

3.08 
3.08 
3.91 
4.08 

2. 75 
2.25 
3.58 
2.41 

2.08 
2.41 
2.58 
2.08 

1.91 
2.17 
2.91 
2.58 

1.83 
1.83 
2.1? 
2.66 

2.66 
2.25 
3.58 
2.00 

-10 1ufean -
2.00 2.99 
2.33 2.81 
2. 58 3.56 
1.83 2.95 

I 
1-' 
0 
0 
I 



.Table No. 47 

Average Per Cent Kill of all Solutions Tested. 

Soaps 

0 l 2 3 4 5 6 7 8 9 10 -
Neotine 37.5 75.4 90.? 69.4 74.3 ?6.5 91.3 75.6 90.9 77.0 51.? 
Britnico 13.8 77.? 91.3 ?0.1 76.9 82.8 90.? 76.2 89.9 87.6 77.0 
Hyco 18.1 32.3 78.0 38.5 55.2 56.1 64.0 28.3 63.2 28.3 70.5 
l'Ii eo fume 76 • 9 88.5 91.4 83.8 79.9 88.1 89.3 87.8 92.9 88.0 90.2 

• • • • • • • • • • • • • • • • • 

Table 1\fo. 47a 

Adjuvant Values of Soaps.* 

1 2 3 4 5 6 7 ~ 9 10 ~verage 

Neotine 3?.9 
Britnico 63.9 
Hyco 14.2 
l'Ii eo fume 11.6 

Mean 
Adjuvant 
Value 31.9 

Mean Adjuv ant 
Value for both 
strengths of 
each soap 

53.2 
7?.5 
59.9 
14.5 

51.3 

41.1 

31.9 
56.3 
20.4 
6.9 

28.9 

36.8 
63.1 
3 7.1 
3.0 

35.0 

31.9 

39.0 
69.0 
38.0 
11.2 

39.3 

53.8 
76.9 
45.9 
12.4 

47.2 

43.2 

38.1 
62.4 
10.2 
10.9 

30.4 

53.4 
76 .J. 
45.1 
16 .o 

4?.6 

39.0 

39.5 
?3 .a 
10.2 
11.1 

33.6 

51.7 
63.2 
52.4 
13.3 

45.1 

39.3 

43.5 
68.2 
33.3 
11.1 

I 
1-' 
0 
1-' • 

~Additional Per Cent of Kill Produced by Nicotine-Soap Solutions over Nicotines used without soap. 



Table Ho. 48 

0 

Adjuvant Values 

pH Values 6.42 

Surface Tension 51.58 

cc. to Run Off Pt. 6.30 

Mean of Afjuvant Values and P~sical Characteristics of the Soap 
Solutions for the four Nicotines tested. 

-
l 2 3 4 5 6 7 8 9 10 _.........._. ______ 

31.9 51.3 28.9 35.0 39.3 47.2 30.4 47.6 33.6 45.1 

7.20 7.55 7. 41 7.82 7.28 7.54 7.48 7. 68 7. 19 7. 31 

34.80 33.96 36.78 36.31 32.88 32.43 32.78 32.08 32.92 31.96 

3.02 2. 67 4.02 3.54 2. 75 2.29 2.39 2.12 2.62 2.18 

·--------.---------------------------~---------------.---.------------------~-------------------

• • • • • • • • • • • • • • • 

Mean of Adjuvant Values and P~sica1 Characteristics of each l\ficotine for the soaps 
tested. 

_ Adjuvant Values pH Values Surface 'l'enSIOn 

l~eotine 

Britnico 

eyco 

l~i eo fume 

43.5 

68.2 

33.3 

11.1 

6.91 

?.14 

6.44 

8.92 

36.28 

34.31 

35.73 

34.95 

cc. to Run Off Pt. 

2.99 

2.81 

3.56 

2.95 

-------·--------------------------------------------------------·---------------------------------------------------

I 
..... 
0 
l\:l 
t 
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VIII. DISCUSSION OF RESULTS. 

1. ComEaris..9p._~f Ad)uva.nt yalues_o_l-:_ 1Jicotine Soap Solutions. 

The average per cent of kill obtained by all 

solutions is shown in table 47 and illustrated by dia-

grams Ro. 6 and No. 7. In all cases the various brands of 

nicotines used without soaps r~ve resulted in a lower per 

cent of kill t~~n when used in combination with the soaps. 

Table 4?a shows the additional per cent of kill of the nic

otine-soap solutions over the per cent of kill resulting from 

the nicotines used without soaps. In two cases only, nicotine 

solutions in combine..tion witr.. .25 per cent strength of soap 

show a hicher per cent of kill than the same nicotine in com

bination with .5 per cent strength of the same soap. 

The high per cent of kill recorded in the tJi cofume 

used without soaps is rather startling. It is obvious that 

the adjuvant values of the soaps in combination with this 

material cannot be as gre<~t as ~n the remaining nicotine sul

phate series. In these series it is apparent that possibilities 

for greatest adjuvant values may be ~~d in the Britnico series, 

the Hyco series co1!1ing second and the l~eotine series coming 

last. Results of table 47f: srow tl~~c.t tt.e so.s.l:)s ir: co1~icir.c..tior: 

with Britnico r.ave produced tt:e tighest adjuvant values. In 

combination witl: ~eo, the soaps have produced the lowest ad

juvant values of the nicotine sulphate series. In combination 

with Neotine, the soaps have resulted in adjuvant values 
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between those received in the other two sulphate series. The 

low adjuvant values recorded in the EYco series cannot be ex

plained. The Neotine series, having an average kill of 37.5 

per cent in the lot using no soap, have resulted in an aver

age adjuvant value considerably higher th~n that recorded in 

the fWco series. ~eo used without soap resulted in a kill 

of 18.1 per cent. 

Results expressed in table 47a show that the .5 per 

cent sodium fish oil soap in combination with all nicotines 

used, gave the r~ghest average adjuvant value. In consider

ing both strengths of each soap used, the sodium oleate soaps 

resulted in the highest average adjuvant values. Had the .25 

per cent strength of the sodium fish oil soap in combination 

with EWco resulted in an adjuvant value equal to that record

ed by the .25 per cent strength of the sodium oleate soap in 

combination with ~eo, the sodium fish oil soaps would have 

resulted in the highest average adjuvant values. The average 

adjuvant values of the pot~ssium oleate and triethanolamine 

oleate soaps are approximately equal in the .25 per cent 

strengths and in the .5 per cent strengths. 

The potassium fish oil soaps have resulted in the 

lowest average adjuvant values of the experiment. In each 

nicotine series the .5 per cent strengths of this soap has 

consistently given the lowest adjuvant values. The .25 per 

cent strengths of this soap have also given the lowest 
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adjuvant values with the exception of the results recorded 

in the eyco series. 

2. Correlation of Toxicity and pH Values. 

The pH values of the solutions tested are shown 

in table 46 and illustrated by diagram 6. The addition of 

soaps to the nicotine sulphates have increased the pH values 

of the solutions in all cases. It is also apparent that the 

solutions containing .c per cent of soap have higher pH 

values than the solutions containing .25 per cent of soap. 

The pH values of the Nicofume series could not be exactly 

measured as the apparatus used was accurate only to a pH of 9. 

A correlation is shown between the per cent of kill obtained 

and the pH value of each solution containing soap in the 

tP~ee nicotine sulphate series. An increase in the per cent 

of kill is accompanied by an increase in the pH value. 

The mean adjuvant and pli value of each soap used 

in combination with each nicotine is shown in te .. ble 48. It 

is apparent that the solutions containing the .5 per cent 

soaps have higher mean adjuvant and pH values than the sol

utions containing the .25 per cent soaps. In comparing the 

mean adjuvant and pH values of each nicotine sulpr~te series 

in table 48 a correlation between the two is noted. ~eo 

with the lowest mean adjuvant value has also the lowest mean 

pH value. Britnico with the highest mean adjuvant value has 

also the highest mean pH value. With the Nioofume series this 
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correlation is not apparent, the adjuvant values being low 

because of the high per cent of kill obtained by the Nico-

fume used without soap. However, the high per cent of kill 

obtained may be correlated with the high pH values of this 

series. 

3. Correlation of Toxicity with Surface Tensl~ 
and cc's to Run off Point. 

Surface tension determinations and cc's to run 

off point of all solutions are shown in Tables 46 and 48 

and illustr&ted by diagram 6. The range of surface tension 

determinations of all soap solutions do not vary to any 

great extent. On the whole, the surface tension of the .5 

per cent soap solutions are slie;htly lower than the • 25 per 

cent soap solutions. In a few cases both strengths of soap 

show the same surface tension. Also in a few ce.ses, the .5 

per cent soap solutions show a higher surface tension tPBn 

the .25 per cent soap solutions. There is considerable 

variation in the surface tension determinations of the nic-

otines used witr~ut so&p. The low surface tension of the al-

kaloid is striking and is consistent with the high per cent 

of kill obtained by this solution. In the nicotine sv.lpr.:.ate 

series, Britnico shows the lowest surface tension wr~ch is 

consistent with the per cent of kill obtained by these sol-

utions. Inconsistency in the remaining two sulpr~te series 

is noted. Although the solutions with lower surface tensions 
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have in general resulted in kills higher than the solutions 

with higher surface tensions, there is not sufficient evi

dence to say that surface tension can be directly correlated 

with toxicity. 

In considering the cc's to run off point, table 46 

shows some variation among the solutions tested. With the 

exception of four instances the .5 per cent soaps show lower 

cc's to run off points tran the .25 per cent soaps. This is 

to be expected and is in correlation with the r~gher adjuvant 

values of the .5 per cent soaps. The mean cc's to run off 

point for each nicotine sulphate series is consistent with the 

mean adjuvant and ph values for these series. The Nicofume 

series does not show this correlation. The mean cc's to run 

off point for each soap in all series is not consistent with 

t~~ir adjuvant values. There is evidence of correlation be

tween the cc's to run off point and the surface tension de

terminating. It is not established however, that the cc's 

to run off point are indication of the "toxicities" of the 

solutions tested. 
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1. An improved tecrnique for the la.bora.tory com

parison of contact insecticides involving the use of Dros

op:hi.,la melanogaster as the test animal has been devised .. 

2. Various met l!ods of re~ring Droso;phila melan

ogaster r..ave shown that the adaptation of gum or candy jars 

as individual cultures for the production of flies is the 

most efficient of the methods tested. 

3. Tests with various culture media have shown 

t~~t a medium composed of partially peeled ripe bananas with 

liberal amounts of lJational Breweries Yeast upon a thin bed 

of fine sawdust is the most effective. 

4. The presence of mould in the culture media was 

a serious detriment to the production of flies. 

5. Results of feeding tests indicGted flies lived 

longer in vials in which the feeding solutions were contained 

in both ends than in vials in wr.ich the feeding solutions were 

contained in one end only. 

6. The natural mortality of flies sprayed with nic

otine and soap solutions at strengths used was exceedingly low, 

as evidenced by the low mortality recorded in check plots. 

?. In ten replicate sprayings of 0.5 per cent sol

utions of Heotine, Britnico, eyco and l~icofume with samples of 
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flies taken from ten different gum jar cultures, inconsis

tency was established between replicate sprayings of flies 

from the same cultures and from different cultures. It is 

concluded that some unknown factor or factors such as age 

of flies at time of spraying, or humidity of cultures, af

fected the degree of toxicity. 

8. It was shown th~t the susceptibility of flies 

to nicotine sprays was less for flies two days old t~~n for 

flies t~xee or four days old. Flies one day old were more 

susceptible to nicotine sprays t~~n flies four days old. 

9. It was shown tr1at humidities of approximately 

40, ?5 and 100 per cent in w:r~ch flies were aged until three 

days old did not affect the degree of toxicity. 

10. It was s~~wn that there was no significant 

difference in the susceptibility of flies to nicotine, when 

taken from aging cultures. 

11. The toxicity of t~xee commercial brands of 

nicotine sulp~2te and one brand of the alkaloid in combin

ation with various soaps were compared. Analysis of var

iance showed the results to be consistent. 

12. Results recorded showed that the alkaloid 

Nicofume, in combination with the various soaps gave the 

highest average per cent of kill. Of the three nicotine 

sulpr..ates in combination with the various soaps, the Neo

tine and Britnico series gave approxim~ately the same kill, 
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the eyco series giving a nuch lower kill. 

13. The mean adjuvant value for each brand of 

nicotine in combination with the various soaps varied con

siderably and may be expressed in descending order of mean 

adjuvant value as follows:- Britnico, Neotine, ~eo and 

Nicofume. 

14. The adjuvant values of the soaps showed con

sistenc,y in each brand of nicotine and for the strength of 

soap used. 

15. The adjuvant values of the various soaps used, 

varied within a narrow range with the exception of the pot

assium fish oil soap, the mean adjuvant· value of which was 

considerably lower t~~n the others. Expressed in order of 

descending values the soaps place as follows:- sodium ol

eate, sodium fish oil, trieth~nolamine oleate, potassium 

oleate and potassium fish oil. 

16. The mean pH values of the three brands of 

nicotine sulpr~te in combination with the soaps may be cor

related with their mean adjuvant values. The alkaloid Hic

ofume, in combination with soaps showed the r~ghest per cent 

of kill and also the highest pH value. 

17. The mean pH values of the solutions contain

ing the various soaps varied within a narrow range and can

not be directly correlated with their mean adjuvant values. 
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In considering each soap separately, both values are con

sistently higher in the solutions containing .5 per cent 

of soap than in the solutions containing .25 per cent of 

soap. 

18. The mean surface tension of each brand of 

nicotine in combination with the various brands of soap 

did not vary to any great extent. 

19. With the exception of potassium fish oil 

soap, the mean surface tensions of each soap did not vary 

to any extent. The mean surface tension of the potassium 

fis~ oil soap was higher than in the remaining soaps and 

the mean adjuvant value was correspondingly lower. 

20. The ~1ean "run-off-point 11 (in cc.) of the 

various nicotines in combination with the soaps cannot be 

directly correlated with toxicity or mean adjuvant value. 

21. The mean "run-off-Joints" of the 0.25 and 

0.5 per cent soaps in combination with various nicotines 

showed correlation with the mean adjuvant values of the 

soaps, the 0.5 per cent soaps in all cases showing lower 

run-off-points than the 0.25 per cent soaps. 

22. It is significant to note the consistenc,y 

displayed by the potassium fish oil soaps, having high 

mean run off points, high mean surface tensions and low 

mean adjuvant values, the two former characteristics be

ing those which seem to indicate a poor adjuvant. 
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